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INTRODUCTION. 


WITHIN the last few years several books and numerous papers have 
been published dealing with various problems relating to the life-histories, 
and disease-spreading capacities, of house-frequeniing and other non- 
biting flies. An intimate knowledge of the habits of flies is essential] 
if the most suitable methods are to be devised in order to diminish 
their numbers, yet it is only too evident that many of the accepted 
hypotheses are founded on the most superficial observations, and that 
extensive and carefully planned experiments, with a few notable excep- 
tions, are conspicuously absent. 

In 1912 the wniter decided to attempt to investigate some of the 
problems, which have received little attention, including amongst others 
the wintering habits of flies, their seasonal distribution, and the succession 
of generations. Extensive preliminary mvestigations were carried out 
especially in the winter of 1913-14, and the summer of 1914. Flies of 
various specics were bred from pupae, which had passed through the 
winter under natural conditions, flies of all species were collected dailv 
from windows and recorded, traps of different kinds baited with various 
materials were used for catching flies out of doors, and records of the 
rainfall, barometric pressure, temperatures in various situations and 
daily weather conditions were kept. During the winter of 1914 the 
flies collected were carefully examined, and specimens of most of the 
commoner species were identified by Mr Ferey H. Grimshaw, to 
whom the writer is verv greatly indebted for all the trouble he has 
taken. The other observations recorded were also carefully studied, 
including the effects of the weather conditions. 

Owing to periods of absence from Cambridge, omissions in the 
records, insufficient control experiments and other causes it was decided 
not to publish any records of these observations, but to make use of 
the large amount of information acquired and the’ experience gained 
in devising more elaborate investigations and experiments to be con- 
tinued throughout the fly season of 1915. It was decided to attempt 
to ascertain the ways in which various common species pass the winter, 
the factors which cause different species to appear at different times, 
the extent to which multiplheation occurs under natural conditions, 
the cflects of varying weather conditions on different species, their 
habits in regard to centering houses, visiting decaying animal matter 
and human excrement, and certain other points of less importance. 


1 Specimens identified by Mr Grimshaw are marked *. 
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While it eannot be claimed that these problems have been settled, 
the greatest eare has been taken to render the data reeorded as aceurate 
as possible, and undoubted advanees have been made towards a better 
understanding of the cireumstanees which influenee the lives of flies. 
fixperiments of the kind about to be described require continuous 
attention throughout the season, and are very laborious, but seem 
to furnish the only means by whieh knowledge of suffielent aeeuraey 
to be of real value for praetical purposes ean be gained. 


THE WINTERING HABITS OF FLIES. 


There has been mueh eontroversy as to the manner in which house- 
flies (JZ. domestica) survive the winter, some assuming that the species 
is perpetuated by the few whieh hibernate, and others that the winter 
is passed in the pupal stage. No very satisfactory evidenee seems to 
have been brought forward in support of either view, though some 
attempts have been made to deeide the question by experiment. 
Whatever doubt there may be about the house-fly passmg the winter 
in the pupal stage, there can be none in regard to many of the common 
species whieh frequent the neighbourhood of houses. 

In the autumn of 1912 the writer eolleeted three samples of dog 
faeees and plaeed them in separate jars half filled with earth. The 
tops of the jars were closed with gauze, and the jars were put outside 
in a sheltered place during the winter. On Mareh 25, 1913, the jars 
were examined. The first contained 110 pupae, the seeond 215, and 
the third 245, or 570 in all, of which 133 were large, 427 small and 10 
of the Fannia type. These pupae were kept in a warm room, and from 
the Jarge speeimens flesh fhes (Sarcophaga melanura*) emerged between 
April 4 and May 9, and from the smaller Anthomyia radicum* during 
the first three weeks of April. 

On Mareh 28, 1914, damp soil near a manure heap was examined, 
and at a depth of about three inches several large and small pupae 
were found. From these pupae, whieh were kept in a warm room, 
C. crythrocephala and one O. leucostoma emerged between April 4-22. 
In the soil elose to a seeond heap, which was situated in an open field, 
a number of smaller pupae were found. From these Anthomyid flies 
emerged. | 

During the winter of 1914-15 many experiments were earried out. 
In Oetober, 1914, flies were allowed to deposit thew eggs on the carcases 
of small anunals placed on dry earth and kept in two galvanised iron 
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boxest, one (Tin I) kept in a shady, shcltered place, and the other (Tin 
Il) in an open, sunny spot. In the latter the variations in temperature 
were much greater than in the former. On April 11, 1915, the pupae 
were collected from the ‘‘ tins’ and placed together with earth in wooden 
boxes provided with openings in the lids above which balloon traps 
were fitted. The two boxes were placed in the tins from which the 
pupae were taken, and the flies which emerged and found their way 
into the traps were counted daily. 

From Box No. I, 987 blow-flles (C. erythrocephala), 489 males and 
498 females, emerged between April 23 and May 11. Up to Apmil 29 
the males predomimated, 107 males and 38 females emerging during 
that penod. Later 382 males and 460 females emerged. Between 
April 22 and 30, 58 specimens of £. scalaris*, 28 males and 30 females, 
also emerged, most of the males preceding the females. At a slightly 
later period, between May 10 and 20, 10 specimens, 5 males and 5 
females, of H. dentipes emerged. Also between April 23 and May 15, 
12 specimens of Tephrochlamys canescens appeared. From Box I only 
8 males and 8 females of C. erythrocephala emerged between April 23 
and May 2. Here again the males appeared before the females, 7 out 
of the 8 females emerging after all the males had appeared. The rest 
of the pupae were parasitised by braconids and chalcids (p. 523). 

Food remains infested with fly larvae were placed in a third box 
in the autumn of 1914. Various species of flies emerged between 
April 23 and June 16—39 blow-flies (C. erythrocephala), 19 males and 
20 females, appeared between April 25 and May 6, a few specimens of 
S. carnaria between May 6 and 10, 16 H. dentipes about May 20, 
19 males and 16 females of M. stabulans, and 4 males and 6 females of 
M. pabulorum between June 5 and 16, and in the early part of May 
several small Anthomyids, and numerous small flies, mostly 7’. canescens. 

The method just quoted was adopted in order to confine the pupae 
and the fles which emerged from them as much as possible, and so 
facilitate the recording of the results. Thinking that the conditions 
might be too favourable, smce the pupac were protected from wet, 
other experiments was carried out under conditions which cannot 
differ materially from those which often prevail in nature. A small 
area of bare ground 3 x 6 ft. was enclosed by boards sunk into the 
earth and a cage of netting, 4 inch in mesh, 6 fect high super- 
imposed. Dead rabbits were placed on the ground and partly covered 
with leaves, and blow-flies (C. erythrocephala) were introduced into 

' The construction of these boxes is described on p. 475. 
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the cage together with food and water between September 1 and 
October 7, 1914. About 70 flies emerged durmg October, but no 
living flies were present mm the cage after November 18. 

Between April 29 and May 22, 1915, 308 blow-flies, 140 males and 
168 females, emerged. As m an experiment previously described the 
males appeared at first in greater numbers than the females, 535 males 
and 38 females emerging between April 29 and May 6. After that 
date 87 males and 130 females appeared. In another open air eage 
of the same type 206 blow-flies emerged between April 24 and May 16, 
and subsequent generations were bred from them (p. 458). 

In other experiments earried out in the same way in large open 
air cages 41 speeimens of Fannia manicata*, 26 males and 15 females, 
emerged between April 24 and May 10, speeimens of #. canicularis* 
about May 4, and 14 speeimens of Ophyra leucostoma, 9 males and 
5) females, between June 4 and 13. Hight of the nine males emerged 
before the first female. A pupa from the earth in this eage, brought 
into the house, emerged 13 days before any of those left on the 
ground. 

It is of some interest to note that the sexes emerged in nearly equal 
numbers in all the experiments, for example, 656 (48-9 °%) male and 
684 (51-1 %) female blow-flies emerged. Another interesting pomt is 
the relatively early emergenee of the males, especially in the genera 
Calliphora, Fannia and Ophyra. 

Durmg the late summer and autumn of 1914 a large number of 
house-flies were kept in a large gauze eage, 6 x 6 x 10 ft., erected 
outside on bare earth. The flies lived and bred! in this eage from 
June 21 till Oet. 9 when the last survivor died. It was hoped that 
some of the pupae might give rise to flies in the following year and so 
decide the mode of wintering of the house-fly. Unfortunately the 
food for the larvae was placed in depressions in the ground, and the 
heavy rain whieh fell on Oet. 15 flooded these hollows possibly causing 
a considerable mortality amongst the larvae. Nevertheless some 
living and healthy looking larvae were seen subsequently. Many of 
these, however, seem to have been destroyed by the heavy rain of 
Oet. 351, for on Nov. 4 many dead and sodden larvae and pupae were 
noticed amongst the remains of the food. Unfortunately also a female 
H. dentipes gained entranee and deposited her eggs. The Hydrotaea 
larvae being earnivorous doubtless destroyed many of the Jlusca 


* As speeimens eaught in the house were being added frequently, it is doubtful whether 
any eggs were laid by flies which emerged and spent their whole lives in the eage. 
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larvae (p. 503). In May, 1915, a few specimens of H. dentipes emerged, 
and on Ang. 31 two house-flies were seen which seemcd to be freshly 
emerged. 

In view of the very small number of flics, the late period of the scason 
at which they were seen, and the possibility, though small, of their 
having gained cntrance to the cage from outside, the experiment cannot 
be regarded as convincing and it is being repeated under conditions 
which, it is hoped, will prove satisfactory. . 

The only other cxperiment of the kind carried out by Bishopp, Dove 
and Parman (1915) near Dallas, Texas, bears a great resemblance to 
the one just quoted. These observers put “ about three barrels of mixed 
horse manure and cow manure, and straw infested with considerable 
numbers of larvae of all sizes and puparia into a cage” on Nov. 26, 1913. 

The manure pile was covered by high water in December and no 
adults were seen after Dec. 27. Four adults appeared on April 16, 
1914. “During the latter part of April and early May the manure 
was again submerged on account of heavy rains, and during this period 
observations were not made. It seems certain that some larvae were 
killed by these inundations. However, on May 26, six very vigorous 
adults were found in the cage. Observations on cmergence were not 
made for some time after this.” 

“We thus have shown that the house-fly lived in the larval and 
pupal stages from Nov. 26, 1913, to May 26, 1914, a period of six months.”’ 

In order to supplement the information obtained during the previous 
year, similar experiments were carried out during the winter of 1915-16, 
in the “tins” and cages of the type described, and the larvae and 
pupae prescnt were examined at various times. 

In the two ‘‘tins” numerous pupae, mostly of C. erythrocephala, were 
present early in November, but many larvae continued to feed up to 
Dec. 31, and were seen feeding on warm days even later (Jan. 14). 
By Feb. 14 the larvae had left the food, and were seen amongst the 
pupae in the earth at the bottom of the tins. They lay still, but moved 
on being touched, or when light fell on them, and if brought into a 
warm room became quite active. On Feb. 20 many larvae and recently 
formed, bright coloured pupae were seen, and a few larvae were still 
present up to March 30. Cold weather in the autumn probably checks 
the feeding and growth of the larvae, but does not prevent their 
ultimately becoming full-fed, pupating, and emerging as flies (see p. 446). 
In the exposed ‘tin’? during November and December the minimum 
temperature fell below 32° F. on twenty-three nights, and on one 
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oceasion was as low as 23° fF. Dumnng November when the larvae 
devoured great quantities of food the mean daily minimum temperature 
in this “ tin’? was 32-4° I*., the mean maximum 44:-1° F. 

As it was thought that the eonditions in the ‘‘tins” might be 
abnormal the earth in an open air eage was examined. On Jan. 14, 
1916, an artiehoke root was pulled up with some earth attaehed to it. 
18 blow-fly pupae and 19 larvae were found in this earth, showing 
that in regard to the presenee of larval and pupal forms the eonditions 
in the “tins”? and in the earth were simular. 

{In order to determine how far down into the earth larvae make 
their way before pupating, a small arca of the earth in the eage to the 
depth of 6 mehes was earefully dug up and examimed. Shees an 
inch in depth eommencing from the surface were studied. In the 
upper ineh (27 eubie inches examined) 24 pupae and 9 larvae were 
found, in the seeond meh (18 eubie mehes) 5 pupac and 5 larvae, and 
in the third neh (18 cubie ehes) only 2 larvae. Below tlus no larvac or 
pupae were found. Both the pupae and larvae were lying in definite, 
smooth-walled moulds, each cavity being eonsiderably larger than the 
pupa ov larva. On being disturbed the larvae erawled rapidly. The 
thirty-five larvae and forty-seven pupae obtained from the earth 1m 
the cage were placed in muslin-eovered jars and kept in a warm room 
in whieh the maximum temperature reached 52° F. All the larvae 
soon turned into pupae and blow-fhes (46 males and 33 females) 
emerged between Feb. 14-24. Of the remaining 3 pupae two were 
deeomposing and one eontamed a braeonid parasite. 

Also some of the larvae in “ Tin IT” were separated from the pupae 
on Deeember 31, 1915, and kept in a jar in the tin. In this tin blow- 
flies began to emerge from the winter pupae on March 19, and from the 
jar containing the separated larvae on Apmil 2. 

In the wimter of 1914-15 very few larvae were noticed amongst 
the numerous pupae m the expermental ‘ tins” and eages. In that year 
the mean monthly temperature rceorded by a thermometer exposed on 
the grass gradually deelined in the autumn, being 38-3° I*. in Oetober, 
32-2° F. in November, and 30-0° I’. in Deeember, giving time for most of 
the larvae developing from eggs laid m September and Oetober to 
pupate. In the antumn of 1915 on the eontrary a prolonged period 
of eold weather oceurred in November, the mean grass temperature 
dropping from 35-8° F. in Oetober to 25:3° F. in November. This spell 
of eold weather probably checked the development of many of the 
late larvac. In the ‘‘ tins”? many of the larvae pupated under pieces 
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of wood, ete., without attempting to burrow into the earth. This fact 
in conjunction with observations on buried carcases mentioned later 
(p. 503) points to a tendency towards pupation within a very short 
distance of the surface or cceasionally under shelter on the surface of 
the ground. That exposed pupae are not mjured by low temperatures 
is evident from the emergence of a very large number of flies from 
pupae in the “tins,” and outdoor cages in the spring months of 1915 
and 1916 (see p. 543). The minimum temperatures recorded on the 
grass during the two wintcrs were 17° F. and 12°F... In many cases 
the pupac lay on the top of the earth in the “ tins.” 

These observations show that most of the common species of flies 
pass the wintcr as pupae, or less commonly as larvac, in the earth. 
Thesc larvae pupate as the spring approaches, and flies emerge from 
them a few days later than they do from winter pupae. 

The species definitely proved by experiments extending from 1912 
to 1916 to be capable of passing the winter in this manner are: 


_Calliphora erythrocephala! Hydrotaea dentipes 
Fannia manicata* Sarcophaga melanura 
Fannia canicularis* Sarcophaga carnaria 
Fannia scalaris* Stomoxys caleitrans 
Anthomyia radicum* Mydaea lucorum 
Tephrochlainys canescens * Lueilia cacsar 
Blepharoptera serrata* Lucilia scricata 
Scatophaga stcrcoraria Phaonia erratica 
Dryomyza flaveola* Muscina stabulans 
Calliphora voimitoria Muscina pabulorum 
Nemopoda cylindrica * Ophvra leucostoma 
Piophila vulgaris * Polietes lardaria 


Observations during the winter of 1915-16 indicate, however, that 
a few mdividuals, insignificant in number compared with those passing 
the winter as pupae, may hibernate in the adult condition. In the 
perpetuation of the species these are probably of little account. Daily 
observations 1n the blow-fly cage outside showed that throughout the 
winter a few flies, which emerged from pupae from time to time, were 
present there. In January, 1916, for cxample flies emerged on the 
ithieelotim list 26th, 26th, 29th and 50th. 

Some of these flies lived for several weeks, and survived heavy rain, 
snow, frost, cold winds and gales, and exhibited the most astonishing 
powers of resistance (see p. 465). 

1 This list is arranged according to the order in which the species have been observed 


to emerge, but the dates of emergence are not given since they depend on the weather 
conditions and vary in different years (see p. 452). 
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263 blow-flies, whieh emerged in a warm room about Jan. 1, 1916, 
were kept in a box with a glass front in a wooden outhouse, protected 
from the rain and wind. On warm days these flies beeame aetive, flew 
about, and took food and water whieh were provided for them, but during 
eold weather hardly moved. February was a very eold month, but 
by the end of it only 33 had died, and on April 4 106 (40 %) were still 
surviving, showing that in sheltered situations these fles ean live 
through the winter months. In May larvae were reared from these files. 

On warm days during the winter of 1915-16 C. erythrocephala (on 
various dates), M. stabulans 19 (Jan. 22), M. pabulorum 19 (Feb. 12), 
M. lucorum 2 2 (Feb. 13), #. tenax (Jan. 1) and Anthomyid flies were 
notieed on the windows, and P. cornicina § (Jan. 2), E. tenax 9 (Jan. 22), 
P. rudis 9 (Keb. 13) and several speeimens of C. erythrocephala were 
caught sunning themselves in various situations outside. 

The oeeasional oceurrenee of blow-flies and other speeies 1n rooms 
durmg the winter months has been reeorded for years, and Copeman 
and Austen (1914) eolleeted a number of speeies from houses in various 
loealities during the winter of 1915-14, but eame to the eonclusion “that 
the results obtained afford no support to the belief that house-flies 
hibernate in this eountry in the adult state.” 

The hypothesis, strongly advoeated by some writers, that the summer 
generations of house-flies are the deseendants of hibernated or “ over- 
wintered”’ females seems to be founded on the easual observations of 
stray flies in houses during winter time. 

The writer’s experiments seem to indieate that, amongst most of 
the eommon speeies of flies, the very great majority of individuals pass 
the winter as pupae, or more rarely as larvae whieh pupate early in the 
spring. The pupae or larvae are situated under shelter on the surfaee 
or are buried within two or three inehes of the surface of the ground. 
A very small and unmportant minority of both sexes emerging from 
pupae late in the autumn or even in the winter possibly survive as 
adults till the spring. It is very improbable that many of these females 
are lmpregnated in the autumn, or that most of them reaeh sexual 
maturity mueh earlier than the broods emerging in the spring. 


THE EMERGENCE OF FLIES FROM PUPAE. 


Careful observations were made on blow-flies emerging from their 
puparia and the various stages are illustrated by photographs (Plate 
XXITI). 


Further, by subjeeting blow-fly pupae to different eonditions an 
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attempt was made to ascertain the faetors whieh determine the emergenee 
of the flies in the spring. 


The process of emergence from the puparium. 


The time occupied by the various stages through whieh a fly passes 
from the moment when the puparium ruptures to the time when the 
fly is fully formed and normally eoloured varies with the temperature. 
The following aeeount of the proeess at 49° I’. illustrates the events 
wlueh oecur. 

Owing apparently to the pressure of the distended ptilinum within, 
the anterior end of the puparium suddenly ruptures, a eireular split bemg 
formed near the upper margin of the fourth visible segment, or third 





Fig. 1. Puparium of C. erythrocephala (x5) after the emergenee of the fly, showing the 
mode of rupture. The eireular and vertieal splits dividing the cap into two approxi- 
mately equal pieees ean be distinguished. The remnant of one anterior spiracular 
proeess of the larva is seen as an oval black mark near the apex of the right-hand 
fragment of the eap. 

Fig. 2. The eap viewed from above (x65). The remains of the anterior spiracular 
processes of the larva are seen on the right-hand fragment. 


segment below the one bearing the remains of the anterior spiracular 
processes of the larva. This segment appears to eorrespond with the 
sixth segment of the larva. <A vertical split also appears, and, avoiding 
the remains of the spiraeular proeesses, passes through the anterior end 
of the puparium to join the eireular split on two sides. This split 
divides the eap detached by the cireular split into two approximately 
equal pieees. The splitting of the puparium seems to oeeur invariably 
in the positions just described. 
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In the case to be described the puparium ruptured at 12.15 p.m., 
and immediately the dilated, transparent ptilinum, or distensible frontal 
sac of the fly, appeared. It remained distended for periods of about 
9 seconds, then collapsed for 2 or 3 seconds and was again distended. 

Very shortly afterwards the eyes appeared. The whole head had 
emerged in 2 minutes, and the thorax and anterior legs were released 
in 25 minutes. The whole fly was free of the puparium in 3 minutes. 
All this time the ptilinum was being alternately distended and retracted!. 

At this stage the flv is a curious looking object, which the writer has 
been accustomed to call a “walker.” [tis very soft, dark grey in colour, 
with well-formed legs, and all its bristles and hairs are black and well 
developed. The lines of the bristles on its thorax are marked by 
darker stripes. The wings, however, are represented by opaque, narrow 
processes with undulating longitudinal folds, extending backwards from 
the thorax to the middle third of the abdomen. There is a very 
marked semicircular recess in the inner margin situated in the distal third 
of the wing. The “walker” walks about with very great rapidity, 
occasionally distending and withdrawing its ptilinum and _ presenting 


1 If the ptilinum is prieked elear fluid in large quantities is discharged from it as the 
fly tries to distend it. 


Plate XXIII. Figs. 2-5. Puparia of C. erythrocephala after the emergenee of the flies. 
(Nat. size.) 

Fig. 6. The puparium illustrated in Fig. 5 enlarged. 

Figs. 7-27. Photographs of living specimens of C. erythrocephala (nat. size) in 
various stages from the emergence of the head from the puparium to the mature 
insect. Figs. 7,8. Head protruded from puparium and ptilinum partially distended. 
Fig. 9. Head and part of thorax protruded, and ptilinum much distended. 
Figs. 10, 11. Thorax further protruded. Figs. 12, 13. Thorax completely pro- 
truded, and folded wings visible. Figs. 14, 15, 16. The fly in the act of extricating 
its legs and abdomen from the puparium. Fig. 17. Karly “walker” with ptibnum 
distended. Figs.18,19. Early “walkers” (ptilinum retracted). Figs. 20, 21, 22, 23. 
Stages in the expansion of the wings. Fig. 24. Soft grey fly with fully expanded 
wings, and ptilinum partially distended. Up to this stage the abdomen is markedly 
pointed. Fig. 25. Soft, grey, normally shaped fly. Fig. 26. Fully developed male. 
Fig. 27. Fully developed female. The dark longitudinal stripes marking the lines 
of the dorso-central bristles are distinctly visible from the moment the thorax is 
protruded in the puparium. 

Fig. 28. Cluster of blow-flies (x4) in large outdoor cage sheltering from wind 
in the evening. 

Fig. 29. Two blow-flies (x4) sunning themsclves aftcr emerging from creviees 
in a paling. 

Fig. 30. Blow-fly (x 4) sunning itself after emerging from a creviee under loose- 
bark. Flies often select situations of the kind illustrated where they are very difficult 
to distinguish. 
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a ludicrous appearance. At this stage the ptilinum is used to help the 
creature to pass through earth or sand, if emergence has taken place 
under the soil, or through a cotton wool plug if it is confined in a test 
tube. The mode of procedure is to thrust the head, with the ptilnum 
retracted, as far forward as possible and then to distend the ptrlmum 
so as to obtam a purchase against neighbouring particles. The body 
is then drawn up to the head, the ptilmnm retracted, the head again 
thrust forward and the process repeated. 

The “walker” stage lasted in this case 90 mimutes, during which 
time the creature became much lighter m colonr, assuming a light grey 
tint and semi-transparent appearance, and the abdomen gradually 
mcreased im size till the somewhat attenuated abdomen of the early 
stage had become pointed at the distal end and rounded and fully 
distended in its proximal parts. Then very rapidly the wings unfolded 
and were almost completely expanded in two or three mmutes. 

Shortly after the unfolding commences the wing has a crumpled 
appearance and the last part to expand is the tip. When first fully 
expanded the wings are convex when looked at from above, and have a 
milky-grey, opaque appearance. Withm ten mmutes the wings become 
firm and flat, though still grey and opaque, and the fly looks a soft 
and grey, but otherwise normal, specimen. Even at this stage the 
ptilinum is distended at mtervals. 

Three-quarters of an hour later the normal blue coloration of the 
fly began to appear, and the upper surface had nearly assumed the 
normal tint in another half hour, though the under surface was still 
much hghter in colour, Another hour and a half elapsed before the 
fly showed the typical coloration all over, though its chitin was still 
soft. ; 

At 49° F. flies complete the stages described in four to five hours. 
After this the chit becomes hard and no further change or growth 
takes place. At higher temperatures, and especially when the flies 
are exposed to the sun, the stages are completed very rapidly, some- 
times within an hour. At lower temperatures, on the other hand, 
the time is very much prolonged. Occasionally the chitin may harden 
before the wings are expanded, leaving the fly a cripple. By removing 
a fly in one of the earlier stages from a warm to a cold room it may be 
caused to remain at the same stage of development for some hours. 

In the sprmg months under natural conditions blow-flies usually 
emerge early in the morning, about 7 a.m. in April and still earhter in the 
warmer months. On fine days development is complete by 10 a.m., 


452 Observations on Habits and Parasites of Common Flies 


but on cold, wet and sunless days “walkers” and grey flies may be found 
in the afternoon. In the late summer flies sometimes emerge in the 
evening, and in the autumn “walkers,” which emerge after frosty 
nights, often take all day to develop into coloured flies. 


Conditions influencing emergence. 


Observations and experiments made in the spring months of 1915 
and 1916 indicate that temperature is the factor of greatest importance 
in causing flies to emerge from winter pupae. 

Some data for estimating the necessary temperatures are available 
from the records of the temperatures in the outside cage and in the 
“tins”? during the spring of 1915. In the “tins” the daily maximum and 
minimum temperatures were recorded, and im the cage the maximum 
and minimum temperatures on the ground, in a situation shaded from 
the afternoon sun, and the temperature at a depth of two inches below 
the surface by means of a thermometer three feet long, with a protected 
stem, originally made for recording the temperatures in clothing during 
sterilization. ‘The earth temperatures close to the cage at depths of 
one and two fect in exposed and shady situations were also recorded. 
Chart 1 shows in the upper part the mean daily temperature in “ Tin 1”’ 
in the shade and the numbers of flies of different species which emerged. 
Most of the pupae were lying loosely in and on the earth at the bottom, 
and were subjected to the influence of this temperature. It will be seen 
that the majority of the blow-flies emerged when the mean temperature 
reached approximately 48° F. and remained at or above that level, and 
that #’. scalaris emerged slightly earlier. H. dentipes emerged a little later, 
possibly influenced by a decided rise of temperature of short duration 
between May 6 and 9, and M. stabulans did not emerge till the mean 
temperature reached 63° F. 

The lower portion of the chart shows the emergence of flies in the 
cage and records the daily mean temperatures on the surface and at 
a depth of two inches, and the mid-day readings of the one foot earth 
temperatures in the sun and in the shade. It will be noticed that 
these readings are usually separated by several degrees. Most of 
the pupae were buried at a depth of one to two inches and were 
therefore subjected to the variations in temperature occurring at that 
level. In the cage the majonty of blow-flies emerged when the mean 
two-inch temperature reached 48° F. and remained above that level, 
abont a week after those in the “Tin [.” F. manicata also appeared 
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Chart 1. Showing in upper part the numbers of C. erythrocephala, I. scalaris, H. dentipes 
and M. stabulans emerging daily from * winter’’ pupae, and the daily mean temperature 
in “Tin I” in the shade. In the lower part the numbers of /°. manicata, C. erythro- 
cephala and O. leucostoma emerging daily from the ground in the large outdoor eages 
are shown. The upper dotted hne indieates the daily temperature of the ground at 
a depth of one foot in the open, the lower dotted line the daily temperature at 
‘a depth of one foot in the shade, the thiek line the daily mean temperature at a 
depth of two inehes in a partially shaded situation, and the thin line the daily mean 
temperature on the surfaee of the ground in the outdoor cage. 
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later than F. scalaris mv “Tin 1” and O. leucostoma eommeneed to 
emerge when the mean two-imeh temperature reached 58° F. 

Forty-seven pupae and thirty-five blow-fly larvae removed from the 
earth in an experimental eage outside were brought into a warm room with 
a maximum daily temperature of 52° I’. on Jan. 14, 1916. The larvae 
soon pupated and seventy-mine flies emerged between Feb. 14 and 24. 
The transferenee to the warmer temperature had eaused the larvae to 
pupate, and flles to emerge in thirty to forty days. In the outdoor 
eage the first fly appeared on April 1. (See Table L.) 

Pupae and earth taken from “Tin IT” on Feb. 29, 1916 were placed 
in jars and kept in different rooms. Room A faeing east had no fire, 
room B had a fire daily, and rooms C and D were warmed by the kitehen 
ehimney and a hot-water eistern respeetively. Room E was a kitehen. 
The jars, “Tins” and outside eage were examined daily, and the flies 
eaught and reeorded. The results of these experiments are given In 
Table 1. It will be seen that in room E with a mean temperature of 
60° I’. flies began to emerge in five days, in rooms B, C and D in fourteen 
days, but not tall the thirty-third day in room A. Outside they emerged 
earliest in “Tin II,’ next in “Tin I,” and later in the outdoor eage 
with the lowest mean temperature. It will further be notieed that in 
all eases a mean temperature of 48° I’. had prevailed for a period before 
large numbers emerged. In this series of experiments, exeept in the 
outdoor eage, the only varying eondition was the temperature’. 

Until further evidence is available it may be permissible to put 
forward the tentative hypothesis that the majority of specimens of each 
species only emerge after the mean temperature of the materials m 


2 Out of doors greater daily variations in temperature oceurred than indoors. 


Note on Charts 1, 2, 5 and 7. 


The daily mean temperature in “Tin L”’ and the daily mean temperatures of the earth 
at a depth of one foot in the open and in the shade, and at a depth of two inehes in a partly 
shaded situation, and the daily mean temperature on the surface of the ground during 
April, May and June, 1915, are given in Chart 1. The daily minimum temperature on 
the grass, and the daily mean temperature of the earth at a depth of one foot in the 
shade and at a depth of two inches from April to Deeember, 1915, are given in Chart 2. 
The daily maximum temperature recorded by a thermometer exposed to the sun, from 
May to November, 1915, is given in Chart 5. The daily maximum and minimum tempera- 
tures in the sereen from May to November, 1915, are given in Chart 7. 

The total daily rainfall from April to Deeember is given in Chart 2 and the rainfall 
occurring in the daytime and at night in Chart 7. 

The total daily hours of bright sunshine between 8 a.m. and 6 p-m., from May to 
November, are given in Chart 5, and the daily periods of bright sunshine in Chart 7. 
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which the pupae pass the winter reaches a certain point, which diffcrs 
for each species. 

The “eritical point” for C. erythrocephala and for £. manieata and 
F. scalaris seems to be about 48-50° F., for Ophyra about 58° I’. and for 
Muscina about 63° FB. 

Flies emerge from pupae in warm situations earlier than from those 
in shaded situations, but under natural conditions the difference in the 
time of emerging is prebably not mere than seven to ten days. 

It will be notieed in Table I that after the mean temperature reaches 
48° F. various periods elapse before the flies emerge. It seems probable 
that a temperature some degrees lower than the “critical pomt”’ is 
needed to produce the changes leading up to the “nymph” stage (see 
Hewitt, 1914, footnote p. 105). It will be noticed further that when 
once flies have commenced to appear tlicy continue to emerge im spite 
of falls in the daily mean temperature. 

In the case of C. erythvocephala and other flies isolated specimens 
emerge at various times in the winter. Jor instanee “ walkers” were scen 
in the outdoor cage on Jan. 21, 26, 28, 29 and 30 when the maximum 
temperatures on the ground were 51°, 48°, 49°, 47° and 43° F. On 
other occasions during the winter, cspecially on warm days, the numbers 
present had increased though the developing stages were not noticed. 

It seems likely that in these eases the “nymph” stage had been 
reached in the autumn or sometime earlv in the winter, possibly owing 
to the pupae being in favourcd situations, and that the flies were ready 
to cmerge whenever the temperature approximated to the “critical 
point.” It should be noted, however, that on many warm days no 
fies cmerged. 


THE MULTIPLICATION OF FLIES. 


Howard (1911) (p. 37), speaking of the “possibilities in the way of 
numbers” of flies, makes the following statement. “The number of 
generations has a direct bearing upon the number of flies, not only at 
different periods durmg the summer, but also in the early autumn, 
since there is, barring accidents, a eonstant and definite and enormous 
increase. Of course some summers arc warmer than others and some 
are moister than others, and upon these two factors, taken in connection 
with that of available places for breeding, the number of flies must 
depend. 

“Take, for example, the possibihtics 1n Washington, and let: us 
estimate—on the hasis of the survival of all cggs and all individual 
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flles—upon plenty of places for the insect to develop and for the larvae 
to feed, upon an average of ten days to a generation in midsummer 
(this period increasing in the autumn and being greater also in the 
spring time), and also upon a period of ten days after emerging of the 
adult flies before sexual maturity is gained (this point of the duration 
of the existence of the adult fly before the attainment of sexual maturity 
has been the weak element in other calculations that have been made 
of house-fly abundance)—let us start then on April 15 with a single 
overwintering fly which on that day lays 120 eggs, and we will have 
the following table: 





April 15th, the overwintering female lays 120 eggs. 

May Ist, 120 adults issue of which 60 are females. 

May 10th, 60 females lay 120 eggs each. 

May 28th, 7200 adults issue, of which 3600 are females.” 


Nine further generations lay eggs on June 8, 20, July 10, 19, 29, 
August 8, 18, 28 and finally on 
“September 10th, 5,598,720,000,000 adults issue, of which one- 
half are females.”’ 


Other workers have made somewhat similar calculations and the 
writer decided during the seasons of 1914 and 1915 te investigate 
experimentally what actually occurs, since it 1s quite evident that 
multipheation under natural conditions is much more limited than such 
figures suggest. 

For these experiments blow-flies were allowed in the autumn of 
1914 (see p. 444) to deposit eggs on the carcases of rabbits in a large 
open-air net cage. This cage was 6 ft. high, 15 ft. long and 6 ft. broad, 
with a floor of bare earth, surrounded by boards sunk into the ground 
(Plate XXIV). All the adults were dead by Nov. 18, 1914. Adult 
blow-flies commenced to emerge in this cage on April 24, 1915, the 
first female appearing on May 4. Altogether 206 flies emerged between 
April 24 and May 16. Judging by the results of a control experiment 
in which the flies were killed as they emerged, the sexes were in approxi- 
inately equal numbers (p. 444). ‘These flies and their descendants bred 
in this cage throughout the season and the flies were eounted daily 
after they settled down for the evening with the aid of a counting 
machine, recording consecutive numbers after each pressure of the 
finger. 

They were kept well supplied with food and water and dead animals 
to lay their eggs upon. These animals were placed m large earthenware 
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pipes about six inches in diameter, half buried vertically in the ground and 
filled with earth up to the ground level. After a day or two, when many 
eggs had been deposited, the top of the pipe was covered with butter 
muslin over which was placed an earthenware saucer. If, on subsequent 
inspection, there seemed to be insufficient food for the larvae more 
was added. The purpose of this procedure was to confine the larvae 
as much as possible, and to aid in counting the numbers of the adults 
of the new generations as they emerged and were released from the 
pipes. Also the flies were prevented from laying more eggs on a 
given supply of food than it could nourish. 

The first eggs were noted on May 15, and eggs were deposited by 
this generation up to June 11, when only 48 flies remained alive. The 
flies which emerged from the winter pupae reached their greatest 
number on May 15 and after that time the number present gradually 
diminished until on June 16 only five remained of this, the parent, 
generation. The flies of the first generation developing from the 
egos deposited in the pipes by the parent generation only commenced 
to emerge on June 17, so that the parent generation had almost died 
off before its descendants reached the adult stage. Fhes of this 
generation continued to emerge up to July 21. The eggs first deposited 
by the parent generation produced flies in 32 days. 

According to Fabre the blow-fly lays about 300 eggs in one batch 
and therefore the first generation resulting from 100 parent females 
ought to have consisted, had adults matured from all the eggs deposited, 
of at least 30,000 individuals. The total number, which emerged uncer 
apparently most favourable conditions, was 2789. 

Lack of food for the larvae was not the cause of this theoretically 
very small number since the bodies of numerous guinea-pigs were 
provided, and as shown by other observations more than 1000 flies 
may be bred from a single body (p. 504). Competing larvae and damp 
may also be excluded. 

A glance at Chart 2 shows that in all the generations considerable 
numbers usually emerged about the same period, and the curve for 
the total number of flies present in consequence rises suddenly. 

In most cases it also falls suddenly within a few days owing to the 
very great mortality which occurs amongst the newly emerged flies. 

This mortality, whatever its cause, occurred regularly throughout 
the season and is probably one of the most important factors in limiting 
the numbers produced. The general causes of mortality are discussed 
in the next section. 
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The first generation laid eggs from July 12 to Aug. 6. From the 
first of these eggs flies emerged in 29 days. About 500 flies of the first 
generation were still surviving when members of the second generation 
began to appear on Aug. 10. This generation continued to emerge until 
Sept. 5, 3562 flies belonging to it being recorded. Owing to the adults 
belonging to two generations being intermingled it was impossible after 
this to be certain as to the exact numbers belonging to the succeeding 
cenerations, but the third generation began to emerge on Sept. 6 and 
continued to do so up to Oct. 2. About 4056 individuals belonging to 
this generation were counted. 

Towards the end of the season 2542 flies belonging to the fourth genc- 
ration appeared, and probably the majority of the pupae which hibernated 
in the ground through the winter of 1915-16 belonged to this generation. 
The descendants of the 100 females, which emerged from winter pupae, 
numbered during the season about 13,000 adults, instead of the 
101,250,000,000 postulated in four generations by the calculation 
emploved by Howard, or to put the matter in figures which can be 
more readily understood, the descendants of each female during the 
season numbered 130 instead of 1012 millions. 

Chart 2 shows the number of living flies present on each day of 
the season, and the number which emerged on each day. It indicates 
that the flees which emerged from the winter pupae were the most 
hardy, for the early mortality amongst them was shght and they 
diminished in number gradually. In the subsequent generations, 
however, many of the flies only lived a few days, and probably never 
attained sexual maturity. Had these specimens lived longer and 
deposited eggs the columns representing the numbers present would 
probably have been several times higher. 

It may be argued that this mortality amongst the young flies was 
due to some defect in the experimental conditions, since it does not 
occur amongst flies reared in captivity indoors. The conditions pre- 
vailing in such experiments are not comparable, however, to those 
which prevail out of doors and in natural conditions, since the effects 
of rain, moisture, wind, low and high temperatures, lack of food, 
competing larvae and other enemies are eliminated. No doubt the 
results would have been more convincing had it been possible to 
conduct two similar experiments. Such a scheme was contemplated 
but abandoned owing to the labour involved. ‘To some extent however 
a control is provided by the numbers caught daily in the various traps 


(p. 483). 
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Chart 4, which shows the numbers of C. erythrocephala caught on 
days sclected as being the most favourable, as well as on those days 
which did not appear so favourable, but on which large numbers of 
flies were captured, resembles in many ways Chart 2 illustrating the 
conditions in the experimental cage. 

The numbers present in both are almost identical in the early part 
of May; both drop to a low level at the beginning of June, both show 
high peaks with intervening depressions in August, September and 
October. The increase in numbers amongst the “wild” blow-flies, as 
indicated by comparing the highest peaks of these two charts, was four 
times smaller than amongst those in captivity. This, however, might 
be expected since both the “wild” fhes and their larvae were exposed 
to many cnemies such as birds, spiders, wasps, competing and carnivorous 
larvae of other insects, parasites etc., and to adverse conditions such as 
shortage of food, from which those kept in captivity were to a great 
extent protected. 

The deep and frequent depressions in Chart 2 are not found in 
Chart 4, for though many deep depressions occurred in the daily 
record they were omitted as being possibly due to unfavourable weather 
conditions (see Chart 7). 

These two charts exhibiting the seasonal increase amongst blow-flies, 
as ascertained by different methods, resemble each other sufficiently 
closely to warrant the belief that they afford an index of the conditions 
which usually prevail, and show that under natural conditions the 
descendants during the season of each female blow-fly. which emerges 
from a winter pupa, number about 130 under favourable conditions. 
No doubt in very favourable seasons these figures might be increased, 
but under no conditions could the alarming figures of Howard be 
remotely approached. 

The descendants of the flies bred in this cage which passed the 
wintcr of 1915-16 as pupae emerged between April | (sce Table I) and 
May 21, 1916. Altogether 2462 flies, 1207 $ and 1255 9, appeared. 
In 1916 twelve times as many flies emerged in this cage as in 1915. 
The experimental conditions have resulted therefore in a great increase 
in numbers, an increase much greater than is ever likely to occur in 
nature. 


THE CAUSES OF MORTALITY AMONGST FLIES. 


Hitherto no attempts have been made to ascertain with any degree 
of precision the causes of mortality amongst flies. Vague statements, 
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founded on casual observations, that flies die off in the autumn owing 
to cold and the effects of empusa disease comprise all the information 
that is to be found in the literature on the subject. 

The only method of arriving at any satisfactory information regarding 
this subject is to keep flies, confined under conditions as natural as 
possible, and record the deaths which occur daily, and all the available 
meteorological data. During the summer of 1915 the-writer obtained 
much information from the records relating to the blow-fly breeding 
experiment just described, and further information was obtained from 
observations on blow-flies which were kept in different situations during 
the winter 1915-16. 

Before any final conclusions can be drawn such experiments will 
have to be repeated in order to ascertain the effects of the weather in 
years with differing meteorological conditions, but these observations 
appear to indicate that blow-flies emerging from pupae which have 
passed the winter in the earth are more hardy than the flies of the 
subsequent summer generations, and that certain individuals of the 
late autumn and winter generations can endure exposure to cold to an 
astonishing extent. 


Blow-flies emerging wm the spring from winter pupae. 


From Chart 2 it may be seen that most of the blow-fles of the 
parent generation survived the very heavy rains (1-47 inches) of May 12 
and 13, and that they gradually died off without a great mortality at 
any special period, the mean duration of life being apparently about 
30 days. The spell of cold weather from May 28 to June 1 did not 
perceptibly increase the death-ratc and most of these flies probably 
died of old age. Throughout the period covered by the flies of this 
generation the weather was on the whole fine and warm, and therefore 
it would be unsafe, without observations in other less favourable years, 
to assert definitely that the flies which emerge from winter pupae are 
always hardier than those of later generations. 


Blow-flies belonging to the summer generations. 


It will be seen from Chart 2 that after most periods of emergence 
a large proportion of the flies died within a few days. In the attempt 
to find some of the factors which contributed to this mortality charts 
were constructed showing the daily percentage of deaths, the total rain- 
fall, the hours during which rain fell, the maximum temperatures in the 
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sun and in the screcn, the minimum temperatures in the screen and 
on the ground, and the velocity and direction of the wind. 

These charts failed to indicate any combination of weather conditions 
invariably associated with a high death-rate, but it was noticed that 
numbers of flles were often found dead on the days following heavy or 
continuous rain, especially durmg cold and windy weather. On the 
other hand heavy rain of short duration in mild weather was not usually 
associated with a high mortality. 

The greatest mortality occurred on Sept. 15 and 16, very hot, 
oppressive and sultry days, when the flies were very lethargic, clung 
tenaciously to the sides of the cage and to the clothes of any one 
entering it, and hardly attempted to fly. Somewhat similar weather 
conditions prevailed on Sept. 8 and 9, and the flies behaved in the same 
manner, dying in great numbers. It was frequently noticed that very 
hot sunshine, as opposed to oppressive heat, was fatal to fhes confined 
in traps. The insects attempted to take advantage of the shade 
afforded by the labels, and other parts of the traps, but many became 
unconscious and considerable numbers died. In the experimental cage 
this cause of death probably did not operate, as ample protection was 
afforded by the leaves of plants. 

On many occasions when large numbers of flies had died the bodies 
were carefully examined. Among the dead were large and small, old 
and young specimens. The old specimens are recognisable by their 
frayed wings and hard chitin, and the young by their perfect appearance 
and soft bodies. The high death-rate which apparently occurs regularly 
amongst young flies, before they are sexually mature, must be an im- 
portant factor in hmiting the numbers of fhes. 

It is difficult to draw any conclusions in regard to the effects of 
cold, apart from rain, from the observations in the autumn of 1915 since 
there were few days in which some rain did not fall, and throughout the 
weather might be described as damp. The first cold days occurred 
between Sept. 26 and Oct. 4, followed by a warmer period between 
Oct. 5-17, but the chart continues to exhibit the same features as durmg 
the previous months. The period from Oct. 18 to the end of November 
was very cold and wet and the flies rapidly died off. It should be 
noticed however that the curve in its general shape resembles part 
of the curve for the second generation in July when the weather 
was warm. In view of the facts to be mentioned in the next section 
relating to the resistance of flics to cold in winter, it is open to doubt 
whether the late autumn mortality was not due partly to deaths from 
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age and partly to wet weather. The autumn mortality is more notice- 
able than the summer mortality because, owing to the fallin the ground 
temperature, few flies are emerging to replace the dead. 

From the observations made in 1915, the following tentative con- 
clusions seem permissible in regard to the natural summer generations of 
blow-flies; that the normal duration of life is about 30 days as judged 
from the observations on the first and second generations; that under 
natural conditions many of the newly emerged flies die within a few 
days; that a considerable mortality often follows wet, cold and windy 
days; that oppressive sultry weather is productive of the greatest 
mortality, and that flies are very susceptible to very hot sunshine. 

Fhes bred under favourable conditions indoors ean be kept alive 
for some weeks. 

Blow-flies in winter. 

From Dec. 1, 1915 to the end of February, 1916, blow-flies were 
present in small numbers in the open-air cage. Occasional deaths 
occurred and solitary individuals emerged from time to time. It is 
unnecessary to follow the weather conditions throughout this period, 
or to state the numbers of flies present daily, but their resistance to 
adverse climatic conditions may be illustrated by the history of a few 
individuals during February. 

On February 3 four fiies, the survivors of seven which emerged 
between January 26 and 30, were present in the cage, and all were still 
alive on February 13. During this period the minimum temperature 
on the grass was below freezing point on mine oeeasions, and once fell 
as low as 18° F., and 0-85 inch of rain fell. On Feb. 13 three other flies 
emerged, and were seen in their early stages before their wings had 
expanded. On the same day a severe gale began, which lasted till 
Feb. 17, and sufficient snow fell on the mght of Feb. 14 to make a 
considerable rent in the roof of the eage. Before this could be mended 
four out of the seven flies had disappeared. The remaining three flies 
were observed daily and lived till Feb. 28th, surviving the worst weather 
of the winter. During the mght of Feb. 24 73 inches of snow fell, the 
heaviest fall in the district for several years, and lesser quantities fell 
on three other days together with 2-48 inches of rain. On Feb. 29 one 
of the flies died, on March 7 another died, and the third on March 11. 

These flies had very little shelter, but took advantage of the little 
that could be found by occasionally altermg their positions from one 
side of the cage to the other, and survived some of the worst weather 
experienced here for some years. 
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Other blow-flies were kept under observation during this period. 
lies emerging from pupae, obtained from maggots kept in a _ hot- 
house, were placed in a small box with a glass front in a wooden 
shed on Dec. 28. Sugar and water were provided in the box. This 
shed was never heated, and owing to its construction it is pro- 
bable that its temperature corresponded closely with that recorded 
in the screen. The flies though protected from the rain and wind 
experienced low temperatures. All the flies, 263 in number, had 
emerged by Jan. 1, 1916. On cold days the flies usually remained 
crowded together without moving much, but were moderately active 
and flew about on warmer days, and were sometimes seen feeding. No 
deaths had occurred by Feb. 12, but 33 had died by Feb. 25. On April 4 
106 (40 °%) were still surviving, showing that in sheltered situations these 
flies can live through the winter months. 

The weather conditions during February have just been stated. 

From these observations we may safely conclude that blow-flies 
emerging in the late autumn and winter months can, even without 
shelter, withstand to an astonishing degree cold, rain, snow and wind, 
and that in sheltered situations their chances of surviving the winter 
are considerable. 

Probably the great differences in duration of life and powers of 
resistance between summer and winter flies are correlated with the 
different degrees of activity of the insects. In summer they are ex- 
tremely active, and breeding is in progress: in winter on the other hand 


they seldom fly, except on the warmest days, and require very little 
food. 


FLIES ENTERING HOUSES. 


Much has been written from time to time on the habits of house-flies 
and other species in dwelhng houses, but up to the present no systematic 
investigation has been undertaken with the view of ascertaining under 
what conditions they enter houses, or the periods during which they 
remain in them. In order to throw some light on this subject records 
were kept throughout the fly seasons of 1914 and 1915 of the numbers 
and species of flies which entered a dining room with a large window 
and garden door, always kept open, facing west. 

The flies were collected at intervals during the day, and killed and 
examined in the evening. Further, during 1915 the flies which came into 
the kitchen, with windows facing south, were left undisturbed, and were 
counted each mght about 11.30 p.m. The lights in this room were 
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turned out about 10 p.m. and it was found that during the next hour 
the flies settled down for the night. In order to disturb them as httle 
as possible the count was made with only sufficient light to sce the 
fhes satisfactorily. 


Species entering rooms. 


Durimg the season many different species of fles cntcr rooms. It 
seems to be quite evident that most of the species enter by accident, 
but a few enter designedly with the mtention of remaining indoors for 
longer or shorter periods. The numbers of the larger common species 
caught in the dining room during 1914 and 1915 are given in Table II. 

Dunng September, 1914 no records were kept and therefore the 
total number entering during that season 1s unknown. 


Specimens! of many other species were not uncommonly found including Psycho- 
didae (common), Mverochrysa polita (few), Sargus cuprarius and S. iridatus (few), 
Thereva plebeia (few), Syrphidae (common), Platystoma seminationis (common), 
Lonchoea vaginalis (few), Helomyza olens (few), Tephrochlamys canescens (very 
common), blepharoptera serrata (common), Scatophaga stercoraria (common), and 
S. lutaria (few), Mydaea urbana, M. obscurata, M. meditabunda, M. impuncta, and 
M. uliginosa (few), Coenosia tigrina (few), Fannia manicata (common), F. armata 
(few), #. scalaris (few), Pegomyia bicolor (few), Azelia macquarti (common), Hydrotaea 
trritans (common), Anthomyia pluvialis (common), A. radicum (few), Phaonia 
variegata and P. erratica (few), Chortophila fugax (few), Graphomyia maculata (few), 
Musca corvina (few), Brachycoma devia (few), Phryxi vulagris (few), Voria ruralis 
(few), Digonochoela spinipennis (common), and many other species less commonly. 


Occasionally specimens of such species as C. erythrocephala, P. erio- 
phthalna and P, rudis were found in February and March, 1n both years. 

On examimig Table IT it will be seen that some species including 
S. caleitrans, M. hortorum, O. cognata, Sarcophaga, M. lucorum, P. 
lardavia and P. albolineata were more commonly found in 1914, which was 
a fine year, but Lucila, M. domestica, M. stabulans and O. leucostoma 
were more common in 1915, Excluding males of #. canrcularis, 
nearly twice as many females as males entered mm both years. 

Members of most of the species enumerated come in accidentally, 
remain on or near the windows, and very seldom find their way to the 
darker parts of the room, or go to any food which may be present. 
Most of their time is spent im wanderimg over the glass and attempting 
to escape. Of some of these species very few specimens enter, but of 
others considerable numbers come in under suitable weather conditions. 


1 Mr Percy H. Grimshaw very kindly identified specimens of all the species Mentioned 
in this list. 
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Fhes belonging to at least four species, C. erythrocephala, S. caleitrans, 
F. canicularis and M. domestica, seem to enter for various purposes. 

Blow-flies, especially C. erythrocephala, frequently come in attracted 
by the presence of food in order to deposit their cggs. They will 
penetrate to the darker corners of the rooms and into various recesses 
in their endeavours to find any suitable materials on wlnich to lay eggs, 
but individual specimens seldom remain long indoors, and do not seem 
to seek shelter in rooms. 

Large numbers of Stomoxys calcitrans. often enter in the autumn 
months. Though these flies occasionally attack persons in the room, 
their maim purpose seems to be to seek shelter, for they may often be 
seen settled on the walls and furniture in the evenings. 

The males of #. canicularis come into rooms in great numbers 
throughout the season. Unless it be for social intercourse, the reasons 
for this habit are not cvident, since relatively few females entcr and 
the males are little attracted to food. They spend the greater part of 
_the day flyimg about, chasing and arcling round one another near the 
ceiling, and in the evening settle high up on the walls and furniture. 
By catching daily all these flies in one room it was shown that varying 
numbers enter almost every day throughout their season. In other 
rooms, whcre they were left undisturbed, great numbers were never 
present, so it seems likely that there is a daily immigration and emi- 
gration and that the individuals do not remain indoors very long. 
Numerical estimates of the prevalence of this species in rooms based 
on captures in traps, on fly papers etc., are not reliable, since these 
flies are little attracted to the baits. In 1915 they were twice as 
numerous as JZ. domestica in the dining room, but their presence was 
hardly noticeable. . 

It has becn stated that when the house-fly becomes common m 
certain rooms it displaces F’. canicularis, causing the latter to seek upper 
rooms and others free from house-flies. No evidence in support of this 
view was obtained, for #. canicularis remained abundant throughout 
the season 1n the kitchen, even when house-flies were most numerous. 
Its habits are so unobtrusive that it is likely to escape notice when 
house-flies become a nuisance. 

Undoubtedly the females enter rooms in smaller numbers than the 
males. ‘They are less easy to identify, and so no attempt was made to 
ascertain their numbers, only a few being identified from time to time, 
but many were doubtless included amongst the ‘ other Anthomyidae’ in 
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The house-fly, M/. domestica, enters dwellings morc persistently than 
any other species, and behaves 1n rooms in a totally different manner 
to any other fly. Many specimens caught in rooms are quite soft 
showing that they have entered shortly after emerging from pupae. They 
bchave in houses as if thoroughly at home, penetrating to every part 
of the room and seldom visiting the windows. They move about 
examining everything, often in a leisurely manner, feed whenever 
opportunity offers, are often seen mating and rest for the night on the 
furniture. : 

While other fies scem dazed im artificial hght, house-flies behave 
in exactly the same manner as in daylight, and are not attracted to the 
source of the light. 

In fact every circumstance of their behaviour points to design in 
their entry and occupation of rooms. 

In 1915 house-fhes first began to enter the dinmg room on June 6 
and continued to do so in small numbers almost daily up to the end of 
July. It is a remarkable fact that the 15 house-flies, mostly soft, 
newly emerged individuals, which entcred during June were all males. 
In 1914 five out of the first six were males. This fact tends to 
support the view that the house-fly passes the winter m the pupal 
stage, smce in allied species males appear from winter pupae earher 
than females (p. 444). 

During July 1915,25 house-flies, of which 17 were males and 8 females, 
were caught in this room, and in August 142, of which 82 were males 
and 60 females. In September the numbers increased considerably, but 
owing to the fact that the records froin the 13th to the 18th are imperfect 
the total cannot be stated. Of those caught 90 were males and 59 
females. Durng October the numbers increased further, 174 males 
and 284 females being caught m the room, but in November only 
S house-flies, 3 males and 5 females, entered the room (Chart 3). 

Up to the end of September 60 % of all the house-flies entering this 
room were males, while in October 60% of them were females. 

The greatest numbers came in on October 8 (82) and 10 (96), both 
fine, but windy days. 

A great difference was noticed between the behaviour of the flies 
in the earlier and later parts of the season. Up to the middle of 
September the flies seldom remaimed long in the room, but numbers of 
them flew in at the garden door and almost immediately flew out again, 
often without scttling. Durmg October, however, the majority of those 
which came in remained, settling in various places for the mght. 
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It is stated that house-flies seldom occur in the upper rooms ot 
houses and are apt to avoid rooms in which no food is present. During 
October, however, house-flies were found almost every evening settled 
on the walls of a bedroom above the room just mentioned. 106 were 
caught, of which 35 were males and 71 (67 %) females. 


House-flies in the kitchen. 


House-flies were first noticed in the kitchen on June 7, and though 
a few specimens were seen throughout that month, they only com- 
menced to enter the room in considerable numbers on July 1. The 
number present daily is recorded on Chart 3. A gradual increase 
in the numbers occurred during July, though at this time many were 
probably passing in and out daily. 

It will be noticed that in the middle of the season the chart bears 
a strong resemblance to Chart 1, recording the daily fluctuation 
in the numbers of blow-flies confined in an experimental cage. Hach 
great rise in the curve probably corresponds, as in Chart 1, to 
the emergence of a new generation, members of which entered shortly 
after becoming fully developed. 

The most noticeable of these rises occurred on July 30 and 31, 
both days with long periods of bright and hot sunshine, August 10, 
a very hot day, with bright sunshine at intervals, August 26, and 
September 5, 12 and 13 with at least 9 hours of continuous sunshine 
after 8a.m., September 24, a windy day with little sunshine, and 
October 8, with 8 hours of continuous sunshine. These observations 
do not support the view that the flies enter in order to shelter from 
adverse weather conditions. The flies which entered on the days just 
mentioned usually appeared to leave the room in small numbers daily, 
ten days or more elapsing before the incursion of a fresh swarm. 

On seven days, varying greatly in regard to weather conditions, 
considerable numbers of flies emigrated out of the room; August 3, 
a very wet day, August 13 and 31, very bnght, warm, sunny days, 
September 14 a dull day with a strong west wind, September 15 a hot 
and sunny day, September 30 a cold and sunless day and October 18th 
a mild and sunless day. 

During the course of these observations the impression was created 
that the members of each swarm remained indoors for varying periods, 
and that in the periods between the swarms little immigration took 
place. 
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After October 25 it 1s improbable that many flies entercd, and the 
numbers present gradually decreased till all had disappeared on Dec. 12. 

In order to obtain some more definite information on this point 
31 house-flies, caught in another room, were marked with ycllow chalk 
and liberated in the kitchen on August 23. Only one was found there 
next day, and two specimens were found in other rooms in the house. 
The others had disappeared. The process of marking seemed to have 
such a disturbing effect on the flies that as a means of investigating 
their habits the method was abandoned. 

Possibly the development of the ova requires a high temperature 
and the flies remain until they are ready to lay their eggs, which seem 
never to be deposited on food in kitchens. 

In Jepson’s (1909) “observations on the breeding of Musca domestica 
during the winter months” no mention is made of the finding of eggs 
or larvae in the very hot bake-house and sculleries where the adults 
were found, though experimentally they could be duced to oviposit. 

_ Useful information might be obtained by keeping adult house-flies 
at various temperatures in order to ascertain whether impregnation 
and the development of the ova within the female are inhibited below 
certain temperatures. It was noticed (p. 508) that house-flies kept 
outside in cages laid very few eggs, suggesting that the temperature 
conditions were unfavourable. 

Such experiments might furnish the explanation of the flies’ habit 
of entering and remaining in warm rooms. 


OBSERVATIONS BY MEANS OF TRAPS ON THE FACTORS INFLUENCING 
THE OUTDOOR HABITS OF FLIES. 


Purposes of the investigations. 


During the summer of 1914 a large number of preliminary observa- 
tions on the habits of various flies by means of traps were undertaken 
with the intention of gaining experience in the most suitable methods 
for conducting more extensive investigations in 1915. It was noticed 
that the forms and situations of the traps, the baits, the weather and 
the period of the season all exerted marked influences. 

The observations about to be described were made in a garden, 
50 yards long and 14 yards wide, adjoining on the north a cultivated 
garden, on the west a large school playing field surrounded by cultivated 
fields, on the south an uncultivated patch of ground and on the east 
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the house. About two-thirds of the area of the garden was occupied 
by a lawn and the rest by flower beds, etc. (Plate X XV). 

The purposes of these obscrvations were to ascertain the numbers 
and kinds of flies attracted throughout the season to fresh human 
excrement, to the carcases of small animals, and to fruit, the results 
of placing these baits in darkness, in the shade and in the open, and the 
effects of varying weather conditions. These experiments were supple- 
mented by catching and examining “wild” flies and observing their 
habits. 

Daily records of the maximum and minimum readings of earth 
thermometers, at depths of two inches and of one and two feet, in the 
open and in the shade, of a thermometer placed on the grass, of a 
thermometer exposed to the sun, and of thermometers placed in the 
two galvanised iron traps (p. 475) were kept. The quantities of rain 
falling during the day and mght were separately recorded and notes 
made as to the direction and strength of the wind, and the general 
weather conditions. The writer is greatly indebted to Mr R. I. Lynch 
for allowing him to make use of the daily sunshine charts obtained 
at the University Botamic Gardens, and to Messrs W. E. Pain and 
Sons for records of the mean daily velocity of the wind. 


Open traps, constructed of mosquito net. 


A very satisfactory, easily constructed and cheap form of trap, 
into which all the species attracted by the baits enter readily, is made 
in the following way. The base consists of a light, wooden framework 
18 x 18 mches. A strong galvanised iron wire runs through each 
corner and projects downwards two inches below the wooden frame- 
work. These projections are forced into the ground and help to fix 
the trap. Above the framework the wires arc carried vertically up- 
wards for six inches. At this pot they are bent inwards, and carried 
upwards for six ches to be inserted into the four corners of a square 
piece of wood 6 x 6 inches with a round hole, three inches in diameter, 
cut in the centre. 

At the level of the bend just described a wire is carried round the 
trap. This wire is fixed to the vertical portions of the four corner 
wires. On the lower wooden framework four wires are fastened parallel, 
but four inches internal, to the four sides. The intersections of these 
wires enclose an area ten inches square Mosquito net, + inch mesh, is 
sewn round the upper sloping portion of the wire frame and fixed by 
laths to the upper square piece of wood. From the encircling wire the 
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net is carried inwards and downwards and sewn to the intersecting 
wires, leaving the square area just mentioned uncovered. Over the 
circular hole in the upper piece of wood a balloon trap is fixed, and the 
bait is contained in a shallow earthenware saucer placed in the square 
uncovered area at the base of the trap (Figs. 3 and 5). In these traps 
the bait is exposed in as natural a manner as possible. 

Flies attracted by the bait easily find their way to it, being directed 
by the inward slope of the lower part of the net. After leaving the 
bait they tend to fly upwards and outwards and strike the inner sides 





Fig. 3. Open mosquito-net trap. 


of the trap. The lower inward slope just mentioned prevents their 
finding the entrance, and most of them move up the sides and soon 
enter the balloon trap. 


Galvamzed won traps, or “tins.” 


This trap resembles one constructed by Prof. C. F. Hodge, and 
consists of a circular galvanized iron box 2 ft. high and 1 ft. in diameter. 
The lid, with a rim 3 inches in depth, projects 2 inches beyond the upper 
margin of the box, and is supported on flanges so that the flies can 
pass up between the rim of the lid and the box and gain entrance into 
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the interior, where the bait is placed. In the lid is a circular hole over 
which a balloon trap is fitted. Except for the small amount of light 
entering by the hole just mentioned the interior is in darkness, and 
the flies which gain entrance are attracted, when they desire to leave 
the bait, to the light and pass into the balloon trap. Only species 
willing to enter dark places will be caught in these traps. For the 
sake of brevity these traps are spoken of as “tins.” 





Fig. 4. Fig. 5. 


Figs. 4 and 5, Illustrating the structure of (4) the galvanised iron trap and (5) the 
mosquito-net trap. The arrows indicate the directions taken by the flies in entering 
the traps and passing into the balloons aftcr leaving the baits. 


Situations of the traps and baits employed. 
Traps baited with human excrement. 


I. A net trap, baited daily with fresh human excrement, was 
placed on soil in an open situation to ascertain the numbers and species 
of flies visiting this material in an exposed and sunny place (Mig. 3). 

Il. A net trap, baited daily with fresh human excrement, was 
placed on soil in a very shady place on the north side of a wooden 
paling running east and west, about 50 feet from trap I, to ascertain 
the species visiting excrement in shady places (Plate XXV, B). 

III. A “tin” trap, baited daily with fresh human excrement, was 
placed in an open situation protected from winds, and from the after- 
noon sun, to ascertain the species attracted to such material in a dark 


receptacle (Plate XXV, fF’). 
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Traps baited with decomposing animal matter. 


IV. Anet trap, baited weekly with the bodies of guinea-pigs and other 
small animals, was placed in an open situation, about 50 ft. from trap I, 
on the south side of a paling running east and west, to ascertain the 
species and numbers of flies visiting decaying animal matter in the open 
(Plate XXV, £). 

V. A “tin” trap baited with bodies of small animals was placed 
in a very shady situation, to ascertain the species attracted to animal 
matter in a dark receptacle in the shade (Plate XXV, A, and Plate 
XXVI, fig. 2). 

VI. A “tin” trap baited with bodies of small animals was placed 
in an open sunny situation, to ascertain the species willing to pass into 


a dark receptacle in the open (Plate XXV, D, and Plate XX VI, fig. 1). 


Trap bated with fruit. 


VII. A net trap, baited with fruit of various kinds, was placed in 
a similar situation to trap IV, but about 60 feet distant from it, to 
show the species visiting over-ripe fruit. 


Observations by means of traps I-VI were commenced on April 11, 
but trap VII was not baited till Aug. 2. The balloon traps were brought 
in every evening, and the flies killed by chloroform, examined and 
recorded. 

In order to gain further information on the habits and prevalence 
both of species which entered the traps and of those which are common, 
but are not attracted to the baits used, flies of various kinds were 
caught on flowers, palings, etc., for at least an hour daily during the 
warmest time of the day. Also during the fruit season flies which 
visited plums and other fruit, either still hanging on the trees or lying 
on the ground, were collected on several occasions in orchards. 


Common species of flies found out-of-doors. 


The larger flies, which frequent gardens and are attracted to human 
excrement and decaying animal matter, belong to a hmited number of 
species, but most of them possess no popular names, and are only 
described in entomological journals. In order to help those who may 
be interested in this subject, photographs of living specimens of most 
of the commoner species are reproduced life-size in Plate X XVII. 

312 
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The writer! has published short deseriptions with enlarged drawings 
of several of these species, namely C. erythrocephala, C. vomitoria, L. 
caesar, M. domestica, P. rudis, M. stabulans, S. calcitrans, F. canicu- 
laris, S. carnaria, S. stercoraria, to which the reader is referred 

Of the other species figured in Plate X XVII short descriptions are 
given in the following pages. 


Phormia groenlandica Ztt. 


A large, strongly biult, shining, dark blue fly, nearly as large as the 
blow-fly, but not so stout. 


Length. 1Omm.; span of wings 22 mm. 

Head. The eyes are dark red, and separated, in the male by a distance of 0-5 mm., 
in the female by 1:25 mm. The frontal region and cheeks are black. Antennae 
dark; arista feathered on both sides except the terminal fourth. Palps yellow. 

Thorax. Dark blue with some very poorly marked longitudinal stripes. Dorso- 
eentral bristles absent. The mesonotum is distinctly flattened just behind the 
transverse suture. 

Wings. Clear, with fourth longitudinal vein curved up towards the third. Squama 
yellow. 

Legs. Black. 

Abdomen. Blue. 


Protocalliphora azurea Fln., a much rarer fly, closely resembles 
P. groenlandica in size and appearance, but the eyes on the male 
are closer together (separation 0-25 mm.) and the bristles on the thorax 
are strongly developed. Only two males and two females of this species 
were caught during the season. 


Pyrellia errophthalma Meq. 
A rather large, dull-green fly, slightly smaller than Luczlia. 


Length. 9mm.; span of wings 18 nm. 

Head. Eyes in the male very close, in female separated by 1mm. Frontal region 
and checks dark. Antennae black. Arista feathered above and below from 
tip to one-third from proximal end, where the lower feathers eease. 

Thorax. Dark dull green with grey stripes in anterior portion. Inner post-sutural 
dorso-central bristles, one near abdomen; outer dorso-central, four. 

Wings. Slightly yellow, with fourth longitudinal vein eurved up towards the third. 
Squama yellow. 

Legs. Black. 

Abdomen. Dark green. 


1 Graham-Smith, G. 8. (1914). Fltes in relation to disease. Non-bloodsucking flies. 
Cambridge University Press. 
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Pseudopyrellia cornicina Fab. 


A bright, metallic green fly, smaller than P. errophthalma and less 
elongated in appearance. 


Length. Tmm.; span of wings 15 mm. 

Head. In male eyes separated by 0-3 mm., in female by 1:2mm. In both sexes 
the frontal stripe is black and narrow and bordered by bright green bands; 
cheeks bright green. Antennae black. Arista feathered as in P. eriophthalma. 

Thorax. Bright green without stripes. Inner post-sutural dorso-central bristles, 
one near abdomen; outer dorso-central bristles, three. 

Wings. Clear with fourth longitudinal vein turned up towards the third. Squama 
white. 

Legs. Black. 


Note. P. errophthalma, P. cornicina and flies belonging to the 
genus Lucilia resemble each other in being green coloured. Besides 
differences in shape, antennae and coloration, the dorso-central bristles 


NM. MW yy, 
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Fig. 6. Diagrams of the dorsal surface of the thorax of (1) £. caesar, (2) L. sericata, 
(3) P. eriophthalma and (4) P. cornicina. The sites of attachment of the dorso- 
central bristles are shown on the left and the bristles on the right. The arista of 
the antenna is shown above in each ease. 


afiord easy distinguishing marks. Their arrangement in the first two 
species has just been described. In the group to which L. caesar belongs 
there are two post-sutural inner dorso-central bristles, and in the group 
to which ZL. sericata belongs there are three. 


Graphomyia maculata Scop. 


A large, grey fly with black sharply defined markings. The male is 
much darker than the female. 
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Length. 9mm.; span of wings 20 mm. 

Head. In the male cyes separated by 0-2 mm., in female by 1-25 mm. Frontal 
stripe black; the frontal margin of the eyes and face white. Antennae black 
and arista feathered on both sides cxcept near tip. 

Thorax. Four broad black bands run backwards to middle of thorax, and a black 
diamond-shaped mark stretches over the posterior part of the thorax and base 
of the scutellum. 

Wings. Clear with fourth longitudinal vein curved upwards towards the third. 
Squama white. 

Legs. Dark grey. 

Abdomen. Grey and black with distinct chequered appearance. 


Muscina pabulorum Fin. 


Resembling JZ. stabulans in appearance, but larger and with more 
distinctly defined dark markings on the thorax and abdomen. The 
legs.also are dark. 


Mydaea lucorum Fn. 


A brown fly rather larger than the house-fly, AZ. domestica. 


Length. 7mm.; span of wings 16 min. 

Head. Eycs in the male almost touching, in the female separated by 1 mm. Frontal 
stripe in female grey, and frontal margins of eyes white. Antennae black. 
Arista feathered above and below. 

Thorax. Brown with irregular and ill-defined dark stripes and markings. 

Wings. Clear, but anterior and posterior cross veins have diffuse brown areas 
around them. The fourth longitudinal vein passes straight outwards to the 
edge of the wing. Squama yellow. 

Legs. Dark brown. 

Abdomen. Brown with dark spots. 


Polietes lardaria Fab. 
A very large, grey fly, bearing a superficial resemblance to S. carnaria. 


Length. 10mm.; span of wings 24 mm. 

Head. Eyes m male almost touching, in female separated by 1-25mm. Frontal 
stripe is black, and the frontal margins of the eyes and face pale yellow. 
Antennae dark grey and arista feathered above and below. 

Thorax. Grey with dark longitudinal stripes, well-defined in front, but less well- 
defined further back. 

Wings. Clear and large. Fourth longitudinal vein runs straight out to the margin 
of the wings. Squama white. . 

Legs. Dark grey. 

Abdomen. Grey and black with distinct chequered appearance. 
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Hydrotaea dentipes Fab. 


A very common, dark brown fly, about the size of the house-fly, 
M. domestica, and probably often mistaken for that specics. The male 
is much darker than the female. 


Length. 8mm.; span of wings 16 mm. 

flead. In the inale eyes close together, separated by 0:2 mm.; in female separated 
by 1mm.; frontal stripe black and frontal margins of eyes white; antennae 
black. Arista bare. 

Thorax. In male almost uniform dark brown; in female brown with dark stripes, 
ill-defined except near the head. 

Wings. Smoky in male, clearin female. The fourth longitudinal vein runs straight 
out to the margin of the wing. Squama white. 

Legs. Dark. The front femur of the male bears a tooth-like downward projecting 
spur, and a tubercle on its under surface about 0-3 mm. from its distal end. 

Abdomen. Dark brown with irregular darker markings. 


Ophyra leucostoma Wied. 


“A medium-sized, blue-black fly. The male is usually distinctly 
larger than the female. 


Length. 7mm.; span of wings 15 mm. 

Head. The head of the male is very large and the eyes very close together. The 
head of the female is smaller and the eyes separated by 0-75 mm. Frontal 
region black. Antennac black. Arista bare. 

Thorax. Shining blue-black without markings. 

Wings. Clear with fourth longitudinal vem passing straight out to the margin of 
the wing. Squamia almost transparent. 

Legs. Black. 

Abdomen. Shining blue-black. 


Plate XXVIT. Photographs of living specimens (nat. sizc) of common spccies of flies. 
Except in figs. 6, 7, 19 and 20 both sexes are shown, tle male on the left and the 
female on the right. The left wing is illustrated also to show the venation. 


Fig. lL. Phormia groenlandica Ztt. Fig. 12. Musca domestica L. 
» 2 Calhphora erythroccphala Mg. » 13. Sarcophaga carnaria L. 
» 3 Calliphora vomitoria L. »» 4. Mydaea lucorum Fin. 
Es 4, Lucilia scricata Me. » 5. Pobetes lardaria Fab. 
» 0 Pseudopyrellia cornicina Fab. ,» 16. Hydrotaea dentipes Fab 
,» 6. Pyrellia criophthalma Macq. (9). » 17. Ophyra leucostoma Wied. 
»  ¢@ Graphomyia maculata Scop. (9). » 18. Fannia canicularis L. 
,»5  & Pollenia rudis Fab. » 19. Scatophaga suilla Fab. (3). 
» 9. Muscina stabulans Fln. . 20. Dryomyza flaveola Fab. (9)}. 
», 10. Muscina pabulorum Fln. 3) ol. dEristahs tenax L. 
» Ll. Stomoxys calcitrans L. 
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Dryomyza flaveola Fab. 


A long, yellow fly bearing a superficial resemblance to S. slercoraria. 


Length. Jlimm.; span of wings 21 inm. 

Head. Yellow. ycs in both sexes widely separated (1:25 mm.), antennae yellow. 
Arista bare. 

Thorax. Yellow, with darker longitudinal stripes. Strong black bristles laterally, 
but inner and outer dorso-centrals one and two respectively, near seutellum. 

Wings. Very long and clear. 

Legs. Pale yellow. 

Abdomen. Pale yellow, with long pale hairs on hinder margins of segments. 


Kristahis tenaz L. The Drone-fly. 


A very large fly resembling a drone bee. Variable in its coloration. 
The pecuhar venation of the wings should be noticed. This fly does 
not visit excrement or decaying animal matter, but it is common in 
gardens and is found not infrequently on windows. 


Other species occurring rather less commonly are Musca corvina, 
Morellia hortorum, Onesia cognata, Pohetes albolineata, Phaonia crratica, 
Platystoma seminationis. Small numbers of many other species are 
found. 


SEASONAL DISTRIBUTION AND ABUNDANCE OF SPECIES. 


From the various records obtained it has been possible to construct 
Chart 4 which probably gives an approximately accurate representation 
of the prevalence of the various common species in the neighbourhood 
of Cambridge during the year 1915. Similar charts compiled for other 
years would probably show shght differences both as to numbers and 
times of relative abundance, but the preliminary observations of 1914 
indicate that the variations would be small except in years with very 
abnormal climatic conditions. 

In constructing this chart the daily weather records were first 
inspected and the most favourable days for flies selected. The numbers 
of each species caught on these days or on other apparently less favour- 
able days when very large numbers occurred are represented as columns, 
and the tops of these columns joined to give a curve representing the 
fly population. 

A comparison with Charts 2 and 3 shows that the higher peaks 
probably represent recently emerged specimens of fresh generations, 
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and the depressions the periods intervening between generations when 
many of the flies die. 

Before considering the species in detail certain general features of 
the chart may be discussed. 

The observations already deseribed (p. 442) on the wintering habits 
of flies show that from batches of pupae in certain situations most of 
the adults emerge within a few days of each other, though isolated 
individuals emerge before the majority. When plotted in the form of 
a chart this mode of emergence produces a rapid rise in the curve at 
an early period. This 1s well illustrated in the curves for C. erythro- 
cephala, Lucilia, M. stabulans, H. dentipes, O. leucostoma and the small 
Anthomyidae. 

It has also been suggested that the period of emergence is dependent 
on the rise of the ground temperature to the “critical” pomt for each 
species. If this view is correct a species requiring a relatively high 
temperature for emerging would tend to disappear early, since after the 
temperature falls below the required level in the autumn no further 
flies are likely to emerge to replace those which were dying off. Species 
on the other hand with a low“ critical’ temperature would go on emerging 
later. In the chart it will be noticed that the late emerging species 
such as P. groenlandica, Lucilia, M. stabulans, and O. leucostoma were 
the first to disappear, whereas those which appeared earliest, such as 
C. erythrocephala, S. calcitrans, disappeared late. Certain species with 
peculiar habits seem to be exceptions to this rule. 

The conditions, which limit the numbers of a species, are various, 
and up to the present have been insufficiently studied Among the 
more important are the destruction of larvae and pupae by braconid 
and chalcid parasites (p. 523) and other enemies, lack of food for the 
larvae owing to the eggs being deposited in great numbers on material 
insufficient to nourish all the larvae which develop (p. 504), the larvae 
of certain species devouring those of other species, the attacks of 
enemies of the adult flies, and weather or other conditions causing 
great numbers of the freshly emerged flies of each generation to die. 
All these factors, and probably others at present unknown, operate 
with varying effect in different seasons and at different places. 

Experiments with blow-flies have been described and consequently 
the curves of C. erythrocephala and C. vomitoria need not be discussed. 
Phormia groenlandica seems to be considered a rare species (Austen, 
1909), but in the neighbourhood of Cambridge it is moderately common. 
One hundred and thirteen were caught in traps alone in 1915, and 
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examples were noticed on many occasions in different locahties in the 
neighbourhood. It appeared early in June, was most abundant in 
September and disappeared at the end of October. 

Fhes of the genus Lucila appeared early in May, and were very 
abundant at the end of August and beginning of September. Towards 
the end of September their numbers dimimished very rapidly. 

Pyrellia errophthalma is never abundant and has a pecuhar seasonal 
distribution. Single specimens are not uncommonly found in February 
and March, and moderate numbers in May and June. After this time 
very few specimens are found till the late autumn, when it is not very 
uncommon. 

Pseudopyrellia cornicina appears late, occurring in small numbers 
from June to September, but not becoming abundant until October. 

Pollenia rudis was not uncommon in the early spring and in the 
autumn, but was rare in the summer. These insects rarely visit traps 
except those baited with fruit. Keilin (1915) has shown that its larvae 
develop in the earthworm, Allolobophora chlorotica. 

The habits and distribution of AZ. domestica have been dealt with in 
detail (p. 470). Only two were cawght in traps baited with excrement 
and animal matter throughout the year. 

Musca corvina was not uncommon in the spring and occurred in 
small numbers throughout the late summer months. In Surrey it 
was very abundant during April. This insect was seldom caught in 
the traps. 

Sohtary exaniples of AZuscina stabulans were caught throughout 
May, but the majority only emerged in June (p. 452). It was moderately 
abundant throughout the summer. M. pabulorum is less common but 
has the same seasonal distribution. | 

Morellia hortorum appeared towards the end of May and disappeared 
in the middle of October. 

Stomoxys calcitrans began to appear in small numbers early in April, 
was common throughout the summer, and most abundant early in 
October. This insect never visits traps. 

Members of the genus Sarcophaga were most abundant in June and 
August, but were caught in small numbers from May to November. 
They were more abundant in 1914. 

Onesia cognata was very uncommon in 1915, but was abundant in 
1914. Keikn (1915) has discovered that the larvae of this species are 
parasitic in earthworms. 

Hydrotaea dentipes was one of the most abundant flies throughout 
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the season. Owing to the carnivorous habits of its larva this insect 1s 
an important agent in limiting the numbers of other flies (p. 503). 

Polietes lardaria occurred in moderate numbers in June and in the 
autumn. In both 1914 and 1915 it was very searce in July and August. 

Ophyra leucostoma was abundant from June to October, the greatest 
numbers occurring in August. 

The males of F’. canicularis entered the house in considerable numbers 
from May to October: 

The last curve shows the combined seasonal distribution of all the 
species caught in the various traps. 


Numbers of flies caught in traps. 


In rapidly identifying large numbers of flies mistakes are unavoidable, 
but the figures given in Table III fairly represent the distribution of 
the common species which were caught in these traps throughout the 
season. Under the heading of small Anthomyidae certain small flies 
not belonging to that family are probably included. The more un- 
common species of larger flies, which only occurred in very small numbers, 
are omitted cxcept in trap I. The very small species, capable of getting 
through the mesh of the net, have not been taken into consideration. 

During the season 105,373 flies were caught in traps baited with 
excrement and animal matter. Traps in the open baited with excre- 
ment (39-5 %) and decomposing animal matter (37-6 %) attracted 
almost equal numbers. Dark receptacles in open situations caught 
smaller numbers (excrement, 10-6 9%; animal matter 5-9 %), while 
traps in shady places attracted few flies (excrement, 3-6 %; animal 
matter 2-4 %), a large proportion of them relatively unimportant 
Anthomyids. 

In this country it is desirable therefore to place all receptacles for 
garbage, manure, and refuse in the most shady situations available so 
as to attract as few flies as possible. 

Some interesting information may be obtained by studying the 
records from comparable traps, I and IV, II and V, and III and VI, 
baited respectively with human excrement and decaying animal matter. 

Traps I (excrement) and IV (animal matter) in open situations. 
In April small numbers of freshly emerged flies were attracted to trap I, 
but none to trap IV, and in May when flies were emerging in large 
numbers six times as many visited trap I as visited trap IV. From 
June to October, except in August when larger numbers visited trap IV, 
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the two traps were equally attractive. In November trap IV became 
the most attractive. 

Traps II (excrement) and V (animal matter) in shady situations. 
These two traps were in similar situations, but whereas trap II was an 
open net trap, trap V was a dark receptacle, and therefore less likely 
to attract flies. Up to July trap Il was the most attractive, but in 
August, October and November more flies visited trap V. 

Traps III (excrement) and VI (animal matter) both dark receptacles 
in open situations. Up to September trap IIL, which was protected 
from winds and the afternoon sun, was the most attractive, great 
numbers occasionally visiting 1t on very hot and windy days (p. 499), 
but in October and November a change occurred, large numbers of flies 
visiting trap VI, and none going to trap III. This was probablv due 
to the fact that trap VI was more influenced by the heat of the sun 
than trap III. Moreover a large proportion of the flies caught during 
these months were old blow-flies attracted to animal matter in order 
to lay their eggs. 

It would appear from these observations that early in the season 
when flies are emerging excrement 1s more attractive than decomposing 
animal matter!, but late in the season, when recently emerged specimens 
are less common, animal remains are the more attractive, especially to 
the numerous females ready to deposit eggs. 

Several experiments were made in order to ascertain how long 
inasses of excrement retained their attraction for flies, traps being 
placed over fresh masses, and the flies caught and examined daily. In 
sunny places the attractive power was greatest on the first day, slightly 
less on the second, and was much diminished on the third. Fhes in 
small numbers continued to be attracted up to the seventh day in some 
experiments. In the shade flies were seldom attracted after the third 
day. 

That relatively fresh carcases are extremely attractive to flies of 
the genus Lucilia is shown by the following observation. The lacerated 
body of a recently killed bird was found covered with green-bottles 
in a country lane. The carcase was carried several hundred yards and 
then placed on the ground. Within a few minutes it was again covered 
with these flies although none of them were seen to be following. 


1 Between April 21 and May 2, 1916, 1294 flies, 462 ¢ and 832 9, visited a trap baited 
with exerement, and only 11 flies a trap baited with small eareases. ‘Towards the end of 
May the latter trap beeame more attraetive. 
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Species of flres caught in traps. 


Most of the species enumerated in Table III seldom enter houses, 
and under ordinary conditions in this country are of little importance 
as disseminators of disease-producing bacteria. Several of them, 
however, play an important part in spreading disease and causing 
discomfort under war conditions. In this category may be included 
C. erythrocephala, C. vonutoria, Lucilia, M. stabulans, Sarcophaga, 
H. dentipes, O. leucostoma and the small Anthomyrdae, all of which 
visit in large numbers both excrement and decaying animal matter. 
On the other hand several of the numerically less important species, 
including P. eriophthalma, P. cornicona, M. hortorum, P. lardaria and 
Scatophaga, frequent excrement, but seldom visit animal matter. 

In this country shade seems to be specially repellent to P. groen- 
landica, P. cornicina, M. hortorum and O. leucostoma, and members of 
some other species belonging to the genera. Calliphora, Lucila, Muscina, 
Sarcophaga, Hydrotaea and Polietes are seldom found in shady places. 
On the other hand A. radicum and other small Anthomyidac are usually 
abundant in shady places. As very intense heat appears to be harmful 
to flies this statement is possibly incorrect for certain seasons in the 
tropics. 


Sexes of flies caught an traps. 


Reference to Table III will show that of the flies which visited 
these traps only 16,624 (16°) were males, though specimens of this 
sex were often attracted to the neighbourhood of the traps. Males 
were caught relatively more commonly m the open traps. They very 
seldom ventured into the dark receptacles, especially those containing 
animal remains, where the proportion of females was as high as 95 °%, 
or, if the males of O. leucostoma be excluded, 98 %. 

In regard to the important species C. erythrocephala, C. vomitoria 
and Lucilva it may be stated that the males prefer excrement and avoid 
dark and shady places, whereas the females will venture into dark 
receptacles, especially if situated in sunny places, in order to deposit 
their eggs. Certain obscrvations seem to indicate that both sexes of 
these species mainly visit excrement exposed in the open in order to 
feed on it. The excrement from trap I was removed frequently and 


3 Atkinson, K. L. (tv. 1916) found MW. domestica, F. canicularis, F. scalaris, C. vomitoria, 
C. erythrocephala, L. caesar, S. carnaria, M. stabulans, and ‘“‘a stout hairy fly almost 


black in colour” the most prevalent flies in Gallipoli. 
32—2 
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placed in earthenware pipes half buried vertically in the soil. From 
these pipes very few flies emerged and neither eggs nor larvae were 
often noticed in this material, though both eggs and larvae of many 
species were usually present in large numbers in excrement from the 


shade trap IT. 


Ages of flies visiting the various baits. 


Some direct evidence as to the age of the flies of the genus Lucilia 
visiting excrement and animal matter was obtained. All flies captured 
belonging to this genus were pinned, and it was early noticed that some 
were so newly emerged and soft that the chitin of the thorax gave way 
before the pin, rendermg it almost impossible to obtain satisfactorily 
mounted specimens. In others the chitin was harder, and in many old 
specimens very hard. During part of July careful daily notes were 
kept as to the condition of the 1081 fhles of the genus Lucilia caught 
in traps I, 1V and VI. The very soft flies were recorded separately 
from the moderately hard and hard specimens During this period 
130 females, all hard, but no males visited the dark trap in the open 
baited with animal matter (VI) The open trap baited with animal 
matter (IV) was visited by 302 flies, 88 males and 214 females, of which 
88 (29 9%) were soft, young specimens. Of the males 36 (41 %) were 
soft and of the females 52 (24%). The open trap baited with excre- 
ment (1) was visited by 649 flies, 298 males and 351 females, of which 
433 (66%) were soft. Of the males 235 (78 9%) and of the females 
198 (56 %) were soft. 

It is evident, therefore, that the very young specimens of both 
sexes are mainly attracted to excrement as a food, since of the 521 young 
fhes caught 433 or 83 % visited traps baited with excrement and only 
88 or 17 % traps baited with decaying animal matter. At this period 
of the year the older specimens visit excrement and animal remains in 
the open in equal numbers, but old females only are attracted to decaying 
animal matter in dark receptacles. 

Judging from the scattered observations which were made in regard 
to blow-flies the same rule seems to apply to them. 


Flies visiting frit. 


All the species of flies which visit excrement and decaying animal 
matter also visit ripe fruit in the late summer and autumn months, 
but not in the same proportions either as regards species or sexes. 
The most common species visiting fruit are C. erythrocephala, M. 
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stabulans, Sarcophaga, Lucilia, C. vomitoria, M. pabulorum, Mydaea 
and small Anthomyidae. Other species are found more rarely, the 
small numbers of H. dentipes and O. leucostoma attracted to fruit being 
specially remarkable. 


TABLE IV. 
Trap VII. Barted with fruit. In an open situation. 
‘Aug. Sept. Oct. Nov. Total 
a_TaT— — rN a, A 
Cun rc a + oe Oe i cs a 
C. erythrocephala 22 41 95 140 148 146 55 61 320(45-2%) 388 708 
C. vomitoria (0 2 227 Ol 49 (ol-0 Ya 47 396 
P. groenlandica 0 l 0 1 0 0 0 O 0 2 Z 
Lucilia oe) lon 12) 30 3 4 Oe 0 30127597 79 109 
P. erlophthalma ... 0 0 O 0 0 l 0 0 1 1 
P. cornicina 0 0 0 0 0 If 0 0 0 ] 1 
M. domestica 0 I 0 2 2 2 0 O ooo Uo.) 5 8 
M. stabulans 39 108 28 £56 6220" O73 (281%) 186 259 
M. pabulorum oo Po 7 13 19 O O 33(38883%) 52 85 
P. rudis 0 OQ 3 5 2 1 OP 5 (71-4 %) (ee 
Sarcophaga Sivoo oc ol 5 9 QO O 74(50:3%) 73 147 
Mydaea ] 2 Oy eo. 20 Oe ee: 4( 05%) 64 68 
H. dentipes 0 0 0 D 0 ei QO 2 0 14 14 
P. lardaria... 0 0 0 0 ] 2 0 O ] 2 3 
O. Ilcucostoma 0 2 0 0 0 0 Ol 0 2 2 
Scatophaga a !, Oy 20 0 0 0 1 38 1 3 4 
Small Anthomyidae 6 16 4 11 8 15 > LP Pls (205 9.) 43... 61 
Other flies ... 2 D Oo 4 5 { re) 1024-0) 1S “Ze 
Total 141 277 205 353 219 280 56 74 621(38:7%) 984 1605 


In the trap baited with ripe fruit the males of most species were 
caught abundantly, forming 38 °% of all the flies captured. They were 
also very common on fruit hanging on trees, being sometimes found in 
considerable numbers on plums on stormy days when very few females 
were about. 

A few experiments with plums were made in August in order to 
ascertain roughly the extent of contamination caused by flies and 
wasps. Ripe plums from two gardens were removed from the trees 
with sterile forceps, and dropped separately into sterile, wide mouthed 
bottles. Three plums which were apparently perfect were washed with 
sterile salt solution, and cultures prepared from the fluid on agar and 
on MeConkey’s lactose-bile-salt-neutral-red medium. Only a few un- 
important organisms, spore producing bacilli, cocci, ete., grew in these 
cultures. Seven plums were chosen in which wasps and other creatures 
had gnawed holes. Sterile salt solution was poured into these cavities 
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and stirred with a sterile platinum needle, and cultures made on the 
media mentioned with two loopfuls of the fluid. Two plums with small 
holes yielded amongst other organisms a few colonies of B. coli. Four 
with large cavities yielded numerous colonies of 6. coli, but one with 
a large hole yielded no faecal bacteria. 

It may be infcrred from these few experiments and from the known 
habits of flies and wasps (p. 504) that great contamination of fruit 
hanging on trees and exposed for sale with faecal and putrefactive 
bacteria must be caused by these and other insects. 


Outdoor habits of Musca domestica. 


Onc of the most remarkable features of these experiments 1s that 
amongst the 106,978 flles caught in various traps only ten specimens 
of M. domestica occurred, two in trap VI, and eight in the trap baited 
with fruit (VII). This was not due to the absence of this species, for 
hundreds entered the house and examples were not infrequently seen 
and caught in various parts of the garden. Moreover specimens were 
very seldom seen on the carcases of large or small animals, exposed in 
various other places. 


THE INFLUENCE OF WEATHER ON FLIES. 


No attempt appears to have been made hitherto to study the effects 
of different weather conditions on the habits of fhes. Throughout the 
year 1915 careful notcs were kept of the daily weather conditions and 
records were obtained of the velocity of the wind, of the rainfall occurring 
in the daytime and at night, of the hours of bright sunshine, and of the 
readings of thermometers placed in various situations. These metcoro- 
logical data have been studied in conjunction with the records of flies 
caught in various traps, and observations on “wild” flies in the garden. 

Unfortunately after June the scason of 1915 was abnormally cold, 
the mean tempcrature in the screen in July being 2-°5° F., in August 
1-3° F.,1n September 1-4° F. andin November 3-8° F. below the average. 
July and August were also nnusually wet. 

The more important meteorological conditions affecting flies are 
first discussed, and then the combinations of these conditions which 
make up dificrent classes of days. 

Bright sunshine. In meteorological records it is the practice to 
quote only the number of hours of bright sunshine per week. Such 
statements are of little value in considering the eflects of weather on 
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flies, since these insects are seldom active before 8 a.m. and do not 
appear to be influenced by the early hours of sunshine. Nor are they 
usually active after 6 p.m. In this country, therefore, only the influence 
of bight sunshine occurring between 8 a.m. and 6 p.m. need be con- 
sidered. 

Undoubtedly flies tend to be most active in bright sunshine, though 
on bright days with cold winds they often only emerge from their 
retreats to sun themselves in sheltered situations. They also seem to 
avoid very hot sunshine, for during the hottest hours of exceptionally 
hot days very few flies are caught in traps or enter rooms, and many 
of those confined in exposed traps die. 

Many days occur in the spring and autumn and a few in summer 
on which flies are active only during brief intervals of bright sunshine. 

Cloudy days. In May, October and November flies are usually very 
inactive on dull cloudy days, but during the rest of the season they are 
moderately active on such days, if the temperature 1s not too low. 

. Wind. FEles appear to be extremely sensitive to wind, and on 
very windy days, whether hot or cold, seldom venture into the open, 
though they may be moderately active and abundant in sheltered 
situations. Days with very little wind and otherwise suitable are the 
most favourable. 

Rain. Fhes seldom venture out of their hiding places in rain, fog, 
or mist, but are often very abundant between heavy showers on warm 
days. 

Temperature. The activities of flies are more influenced by tempera- 
ture than by any of the weather conditions yet mentioned. When the 
temperature is low they are very inactive, and seldom make any attempt 
to move, and on the other hand when the temperature is very high they 
seem to suffer from the heat. | 

A number of charts were constructed on which the daily numbers 
of flies caught in traps, the hours of bright sunshine and of rainfall 
between 8 a.m. and 6 p.m., the mean velocity of the wind, the maximum 
temperatures recorded by thermometers exposed to the sun and in the 
screen, the minimum temperatures recorded by thermometers in the 
screen and on the grass, and the mean temperature in the screen were 
plotted. These charts showed that the curve for flies caught in traps 
corresponded most closely to the curve for the maximum temperature 
recorded by a thermometer exposed to the sun (Chart 5). 

On a few occasions the flies caught in the traps were counted hourly, 
and the results obtained on June 12, a very fine day, are illustrated in 
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Chart 6. It will be noticed that the numbers gradually increased 
up to 1.30 p.m., after which there was a rapid fall to a moderate level, 
and then a gradual decline. The curve for flies on such days corresponds 
closely in form to the curve for the hourly readings of the “sun” 
thermometer. The influence of the sun temperature on the activities 
of flies could be investigated most satisfactorily with the aid of a 
thermograph placed in the neighbourhood of the traps. 
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Chart 6. Showing the number of flies caught hourly in the various traps on 
June 12, 1915. 


Oppressive, sultry days. A remarkable and interesting effect of 
weather conditions on flies was noticed on a few occasions. September 
15 and 16 were verv sultry, oppressive days, and the blow-flies in the 
outdoor cage were greatly affected. They were disinclined to fly, 
crawled about slowly, clung tenaciously to the clothes of persons 
entering the cage, and died in large numbers (p. 464). “Wild” flies 
seemed to be similarly affected. Very unusual numbers visited trap II, 
a dark receptacle baited with excrement, which was in the shade in 
the afternoon; many of those caught in the traps died, and very few 
entered the house except in the morning and evening. June 7 and 8 
and July 5 and 6 were somewhat similar days, and produced identical, 
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though less marked, effects on flles. The phenomenon is common in 
hot seasons, and people speak of the flies being “sticky.” 

Flies are most abundant and active on days with several hours of 
bright sunshine after 8a.m., very little wind, and the “sun” ther- 
mometer reaching between 90° F.—100° F. On such days throughout 
the season of 1915 the largest numbers were attracted to traps, and 
large numbers were seen flying from flower to flower, and settling on 
palings, etc. Very sunny days on which the sun temperature is higher, 
and the shade tempcrature unusually high, are not very suitable as the 
flies are lethargic during the hottest hours. On sunny, warm but 
windy days flies may be attracted in moderate numbers to traps, but 
they do not resort to flowers, or settle on palings. Very strong north 
or north-east winds cause almost all activity to cease even on sunny 
days. On bright frosty days in autumn flies leave their shelters to 
bask in the sun. 

Flies arc moderately active on warm days with httle sunshine, and 
no wind throughout the summer, but such days do not swt them m 
April, May, October or November. 

Flies ave lethargic and “sticky,” visit sheltered places and die in 
large numbers on very hot, windy, oppressive days with or without 
sunshine. | 

Flies seldom leave their retycats on rainy, damp, foggy, cold, or very 
windy days. On poor fly days males are relatively much more active 
than females. 

Chart 7 shows the effects of varying weather conditions on the 
numbers of flies caught in the traps during the season of 1915. 


OUTDOOR HABITS OF FLIES. 


(a) Blow-flies confined in an outdoor cage. 


The breeding cxperiment previously descnbed (p. 458) afltorded 
excellent opportunities for studying the outdoor habits of blow-flies, 
and an endeavour was made at the same time by observing “wild” 
flies to ascertain whether they responded to varying conditions in the 
same Ways. 

Even in the finest and warmest weather the blow-flies in the cage 
did not begin to move about freely*much before 8.30a.m. On the 
other hand flies usually emerge from pupae rather carlicr in the morning 
(p. 451). 

On sunny days the blow-flies were very active, continually flying 
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about, and, except when feeding, seldom remaining long in one placc. 
This occurred even when the day was moderately cold. Very close, 
sultry weather had a peculiar effect. The flies became very sluggish, 
were apparently unwilling or unable to fly, and clung tenaciously to 
anything on which they settled. Such weather caused great mortality. 
Their behaviour on overcast days with bref periods of sunshine was 
most interesting to watch. When the sun came out flies, which were 
taking refuge in crevices, began to stir, and soon came out into the 
sunshine. If the day was warm they flew about, but if it was cold 
they remained close to the crevices, and when clouds obscured the sun 
often went back slowly into their sheltering places. On cold days with 
gleams of sunshine the flies were often seen sunning themselves in a 
pecuhar manner. They so arranged themselves as to present their 
dorsal surfaces as much as possible to the sun, often leaning at consider- 
able angles in order to accomplish this, with the legs of the side nearest 
to the sun contracted and those of the opposite side more extended. 
On.sunless days the flies seldom flew, and usually remained very quiet, 
occasionally walking slowly from place to place. In very cold weather 
they remained motionless in crevices and corners for days together. 

In windy weather the flies moved about very little, but sought 
situations sheltered from the wind. 

During rain the flies usually congregated in protected situations, 
and changed the situations first chosen, if the direction of the rain 
altered. 

The behaviour of the flies in the evening depended on the tempera- 
ture. On warm evenings they were widely distributed near the roof 
of the cage and did not go into corners, etc., but on cold evenings they 
gathered in clusters in the corners, often close to the ground (Pl. XXIII, 
fig. 28), and many sought shelter in crevices. 

As the flies often clustered in large numbers in dark corners and 
were in consequence difficult to count, white strips of wood were fixed 
in these corners to render counting easier, but after this most of the 
flies avoided these white pieces of wood, and seemed to prefer to settle, 
especially in the evening, in darker places, where they were less visible. 
This hypothesis seems to be confirmed by the fact that the under 
surfaces of dark, dead artichoke leaves, where the flies were almost 
invisible, were very favourite resting places in the evening. 

Fhes depositing eggs and feeding on animal carcases often seem to 
be so occupied that they are not easily disturbed, and on cold or sunless 
days many will not move, even if touched. For oviposition they seem 
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to prefer surfaces almost in contact with the ground, natural openings, 
such as the mouth, nose and ears, or wounds. 

Occasionally they were seen feeding in great numbers on old 
artichokes, which had been turned up from the ground. 

For some considerable time before setthng down for the night nearly 
every fly is occupied in “blowing bubbles,” repeatedly regurgitating 
a large drop of fluid, and sucking it back again. This procedure is 
less commonly seen at other times of the day. 

(b) “Wald” flies. 

Wild flies behave very similarly. They are seldom active before 
8.30 a.m. and are most active on sunny days. On cold autumn days 
with sunny intervals they were seen to emerge from crevices and sun 
themselves (Pl. XXIII, figs. 29, 30), and in oppressive weather they 
behaved in unusual ways. Specimens .were seen “blowing bubbles” 
almost daily. 

It is evident, therefore, that much, otherwise difficult to ascertain, 
may be learnt about the habits of “wild” fhes by observing the be- 
haviour of captive flies in large cages out of doors. 

It is impossible, however, to study some of thei habits in cages. 
On warm sunny days with little or no wind many species settle on 
certain flowers, but seldom resort to flowers on very hot, dull or windy 
days. When flies are emerging in large numbers very soft, young 
specimens are common on flowers. In the spring hawthorn flowers are 
a great attraction to many species. On the approach of an observer 
specimens of many species sitting on flowers, palings, walls and other 
situations crouch closer and approximate their wings more closely 
together, apparently with the imtention of making themselves less 
vistble and escaping detection. 

Fhes belonging to the genus Lucila and O. leucosloma seem to be 
peculiarly active in sunshine, and are seldom seen in large numbers 
except on warm sunny days. The males of O. leucostoma hover in the 
air hke some of the Syrphidae. 


THE LARVAE OF COMMON FLIES. 


A considerable number of observations were made on the habits of 
the larvae of some of the common species, but as it is proposed to carry 
on further investigations during the coming season only certain observa- 
tions of special interest will be recorded. 

In many species the tendency to migrate, especially in wet weather, 
is very marked, even when the food supply is abundant, and special 
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provisions to prevent migration have to be made, if any conclusions 
are to be drawn as to the numbers of flies developing from various 
masses of food. The tendency to migrate is most marked in the older 
larvae, but even very small ones migrate under certain conditions. 

The eggs are generally Jaid under the edges of pieces of meat, on the 
hair of animal bodies close to the ground or in the mouth, nose, ears or 
anus. Maggots usually feed under the skin or in the interior of carcases, 
but hve freely on the surface, if the food is in darkness, and disappear 
into the depths with remarkable rapidity when it is exposed to the hght. 

According to the observations of Portchinsky (1913) and of Keilin 
(1915) the larvae of several of the common species of flies feed on the 
larvae of other species. Placed in order of the abundance of the adults 
the most important carnivorous larvae are those of Hydrotaea dentipes, 
Muscina stabulans, Graphomyia maculata, Polietes albolineata, Phaonra 
erratica and Azelia macquartt. 

The enormous destruction of the larvac of common flies wrought 
by the larvae of H. dentipes alone has not been taken into account 
hitherto. Such carnivorous larvae must be extremely important 
natural agents in limiting the numbers of many of the species likely 
to carry pathogenic and putrefactive bacteria to human food. 

On July 7 a large piece of sheep’s lung containing some eggs 
and very small larvae was buried to a depth of 1} feet, and the earth 
well packed down. The earth was further trodden down on July 9. 
On July 12 the material was exhumed and numerous large, apparently 
healthy larvae were found in it. 

Later a series of similar experiments were carried out to ascertain 
the effects of burial on larvae. 

On September 4 the bodies of six guinea-pigs were exposed. On 
the same day one of the carcases with eggs in the mouth and on the 
hair was buried to a depth of a foot in an earthenware pipe sunk 
vertically in the ground. A little earth was placed above the carcase 
and packed down tightly, and the process repeated till the pipe was 
full. The top of the pipe was sealed with an earthenware saucer. 
The other carcases containing larvae of various sizes were similarly 
buried on September 8, 10, 11 and 14. On September 26 large full fed 
larvae and pupae were noticed just below and on the surface of the 
earth in all the pipes. Blow-flies began to emerge simultaneously from 
all the pipes on October 17, and large numbers were caught up to 
October 29, and smaller numbers up to November 15. 

These observations show that larvae emerge from eggs and thrive 
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in buried carcases, and moreover that they are little, if at all, retarded 
in their development, since flies emerge at the same time from carcases 
buried while cggs only are present on them, and from half-eaten carcases 
containing large larvae. Further the larvae are able to make their 
way up through tightly packed earth to the neighbourhood of the 
surface, where they pupate. The burial of a carcase therefore does not 
prevent flies emerging from the eggs already laid, and only limits the pro- 
duction of flies by preventing later batches of eggs from being deposited. 

To illustrate the number of flies which may emerge from a carcase 
the following experiment may be quoted. ‘The body of a medium 
sized guinca-pig was exposed for thirteen days, and then placed in an 
earthenware pipe and lightly covered with earth. Jfourteen days later 
flies began to emerge. Altogether 2511 flies appeared, 1122 male and 
1059 female Lucila, 182 male and 145 female C. erythrocephala, and 
3 O. leucostoma, some of which were normal in size, and others small, 
indicating that the food supply was not quite sufficient. 

It 1s probable that under natural conditions large numbers of larvae, 
which feed on animal matter, perish from tack of food. Numerous eggs 
were often noticed on the bodies of very young birds fallen from nests. 
Such bodies could only afford food for a very limited number of larvae. 

Larvae which do not die of hunger, but are underfed, produce 
small flies (see Graham-Smith, 1914, Plates xxv, xxvi). According to 
Griffith (1908) small specimens of MM. domestica are sterile, but this is 
not the case in C. crythrocephala. The writcr confined several newly 
emerged very small blow-flies of both sexes in a cage, and eggs were 
deposited from which blow-flies of normal dimensions were reared. 


WASPS. 


Up to the present no one seems to have poimted out that wasps, 
owing to their filthy habits, may be the carriers of pathogenic and 
putrefactive bacteria to articles of food. 

Wasps of the common species, V. vulgaris, V. sylvestris and V. 
germanica, were caught in traps placed over human excrement. Whether 
they were attracted to this material in order to feed on it, or to hunt 
the flics, which resort to it, is not quite clear, but contamination of 
their feet and jaws with such material was frequently noticed. 

They are also greatly attracted to decaying animal matter in all 
stages of decomposition. In carrying out investigations on the putre- 
faction of animal carcases, and the means of arresting the process, many 
bodies of large and smal] animals were exposed in an open ficld four 
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miles away. Wasps came to these carcases in large numbers, 
occasionally in sufficient numbers to interfere with observation, and 
were seen feeding both on the flesh, when this was exposed, and on the 
fluids which escaped from the bodies. Under these conditions they 
must have become grossly contaminated with putrefactive and other 
bacteria. They also chased and frequently caught blow-flies, green- 
bottles and other flies, which came to the carcases. After removing 
its wings the wasp generally flew away with the body of the fly. Since 
flies are invariably contaminated, the wasps which catch and devour 
them must also become contaminated. Traps placed over the carcases 
of small animals caught them frequently. 

A number of observations were made on plums hanging on trces, 
in order to ascertain the species of flies which came to them. In the 
course of these observations wasps were seen both to eat the fruit and 
to catch the flies feeding on it. Investigations on the bacterial con- 
tamination of plums have been quoted previously (p. 495). In regard 
to fruit, however, experiments carried out by placing over-ripe fruit 
under a trap (p. 494) on the ground were the most instructive. Very 
large numbers of wasps were caught, on some davs exceeding the flies 
in number. When the wasps and the flies reached the balloon trap 
the former pursued the latter, especially the various species of the 
genus Sarcophaga, and tearing them to pieces devoured them. 

Wasps also come into houses, especially into kitchens, in great 
numbers, and settle on all kinds of food. 

It is evident from their habits that the legs and mouths of wasps 
and their excrement must usually be much contaminated, but whether 
they are capable also of causing infection by regurgitating their food 
is not clear. 

These insects were more active than flies in cold, disagrecable 
weather, and were often caught in the traps, when few flies were about. 
It was noticed also that they were active earlier in the morning than flies. 

During the season 150 wasps were caught in the traps baited with 
excrement, 79 in traps baited with animal matter, and 973 in traps 
baited with frmt. Of the 1202 wasps caught in traps, 951 appeared to 
be V. germanica, 123 V. sylvestris and 128 V. vulgaris. 

Taking ito consideration the extent to which they visit fruit, 
whether on trees or exposed for sale in shops, their well-known partiality 
for jam, sugar and other foods, and their hking for excrement, decaying 
animal matter and flies it seems very probable that they act not infre- 
quently as agents in disseminating pathogenic and putrefactive bacteria. 
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EMPUSA DISEASE. 


The mode of infection in this disease is at present not well understood, 
and the writer hopes that his observations and experiments may help 
to carry us a step further. 

Brefeld (1873) successfully inoculated the spores of oe MUSCAE 
under the skin and obtained germination of the gonidia on the surface 
of the fly. 

Olive’s (1906) experiments with an allied species, #. sciara, indicate 
that infection may occur in the very young larvae on the surface of 
excreta, before they burrow into its depths. Gtssow (1913) infected 
flies by painting them with water containing spores, and he found 
also that he could infect flies by brmging them mto contact with dead 
flies covered with spores. He suggests that “it is not unlikely that the 
fly becomes more susceptible to the disease as it grows older, while 
newly emerged broods are more or less resistant.” 

Hesse (1914) thinks that “the theory, expressed in published works, 
that the fungus, #. muscae, attacks the fiy from the exterior does not 
seem very credible.” He succceded in infecting flies by allowing them 
to feed on cmpusa spores and also by allowing them te feed on spores 
derived from cultures made from flies dead of the disease. These 
cultures, 1t should be noted, produced a fungus identical with A. 
racemosus. 

Bernstein (1914) also succeeded in infecting flies by the same means. 
He seems to think that the larvae may become infected, but says that 
“the question as to whether the disease can be transmitted from fly 
to fly in the adult stage is still unsettled, and experimentally it has not 
proved successful.” Ramsbottom (1914) has up to the present failed 
to cultivate empusa from a single spore, and seems inclined to doubt 
whether the Mucor, which usually grows in cultures from infected flies, 
has any connection, as Hesse asserts, with Hmpusa. 

Thaxter (1888) in America found HLmpusa muscae on several species 
of hover-flies (Syrphidae) and records its occurrence in L. caesar and 
C. vomitoria, and states that two other species of empusa, #. sphaero- 
sperma and #, Americana occasionally attack house-fles and blow-fiies. 
The former species destroys insects belonging to several orders. Lucas 
(1908) exhibited to the Entomological Society of London “a spike of 
the grass Molinia caerulea with dead Syrphids, Melanostoma scalare 
Fabr., attached by the parasitic fungus Hmpusa muscae, found on 
Esher Common, October 3, 1908. Most were attached by the point of 
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Plate XXVIII. Figs. 1-8. Photographs of specimens of JJ/. domestica (nat. size) showing 
progressive signs of cmpusa disease. Fig. 9, Photographs of two empusa infeeted 
specimens of J. domestica (nat. size) with halos of spores. Figs. 10.11. Photographs 
of empusa infected specimens of C. erythrocephala (nat. size) with halos of spores. 
Fig. 12. Photograph of a female FP. cantenlaris (nat. size) suffering from empusa 
disease. Fig. 13. Photograph of a female //. dentipes (nat. size) suffering from 
empusa disease. Figs. 14.15. Photographs of specimens of C. erythrocephala (nat. 
size), dead of empusa disease. attached to artichoke leaves. Spores may be seen on 
the leaf under the fly illustrated in Fig. 15. Fig. 16. Photograph of a female 
H, dentipes (nat. size), dead of cmpusa discase, attached to a leat of Galega. 
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the head only in a very peculiar manner, and apparently all were 
females.” 

Nearly all investigators of this disease have confined their attention 
to house-flies observed in rooms, and do not seem to have taken into 
consideration the possibility of the disease occurring in other common 
flies, which are abundant earlier in the year, and the infection spreading 
from them to house-flies or their larvac, which frequent similar situations. 
In fact the cases just quoted seem to be the only ones recorded of flies, 
other than AZ. domestica, being attacked. Hewitt (1914) says that it 
is uncommon to find infected house-flies out of doors though he has 
observed some in Canada, at Ottawa. 

Under out-of-door conditions an empusa-infected fly remains in 
a typical and easily recognisable condition for a short time only so that 
much patient labour would be required to ascertain whether the disease 
is common outside either among house-flies or other species. 

The writer has found specimens of Hydrotaea dentipes dead of 
empusa out of doors on four occasions. The interest of this observation 
hes in the fact that this fly 1s very common and is attracted in large 
numbers to excrement and decaying animal matter, where it may come 
into contact with house-flies or their larvae. One was discovered 
on an artichoke leaf on August 4, 1914, and the others in 1915; 
one on August 16 on a Galega leaf (Plate XXVIII, fig. 16), a third on 
September 20 on an elm branch, and a fourth on October 4 on a piece 
of galvanised iron. In these years careful watch was kept for the 
occurrence of empusa disease in house-flies, and in each year an infected 
H. dentipes was found before the first infected house-fly was observed, 
the first case of empusa in the house-fly in 1915 being noticed on Aug. 30 
in the kitchen. 

Blow-fhies (C. erythrocephala) become infected occasionally, but the 
growth on the abdomen is often less apparent than in house-flies. 
With careful observation, however, infected specimens mav be found. 
In these insects the growth, in the early stages, appears as white, 
regular, wax-like bands between the abdominal segments. In well- 
marked cases the insect later resembles in every respect an infected 
house-fly. Plate XXVIII, figs. 10, 11, 14 and 15 reproduce photographs 
of specimens with well-marked rings of growth. The disease killed a 
number of the blow-flies bred from winter pupae and confined in an 
experimental cage (p. 458). The first case was noticed on Sept. 18 and the 
last on Nov. 12; during which period 18 cases of the disease occurred 
at considerable intervals. Approximately 0-33 °% ouly of the blow-flies 
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became infected, and nothing resembling an epidemic developed. 
Although 309 blow-ilies were still alive on Nov. 11, no further cases 
occurred amongst them. A female of FY. canecularis showing marked 
infection with empusa was found in a room on Oct. 15 (Plate XXVIII, 
fig. 12), and another on Oct. 23, 1915. 

An experiment, planned for a different purpose, illustrates that 
house-fles kept out of doors suffer from the disease. House-flies 
collected from time to time were placed in a large outdoor cage with 
abundant food, and kept there from July 7 to Sept. 23 when a consider- 
able number of larvae and pupae were present. On this date the larvae 
were removed and placed in a galvanised iron box 2 fcet square and 
1} feet high, buried in the ground to a depth of 9 inches. The bottom 
consisted of perforated zinc and the interior was filled with earth up 
to the level of the surrounding ground. ‘The top of the box sloped 
sradually to the centre where a circular opening 9 inches in diameter 
was situated. Above this opening a large cage of mosquito net, giving 
ample room for flies to move about in it, was suspended from the roof 
of a very large surrounding net cage (6 x 9 x 6 feet). The box, the 
small net cage above it and the outer net cage were proof against 
flies of moderate size. No adult flies were plaeed in the inner cage, 
and only the one batch of larvae and pupae just mentioned. This 
cage was known as cage I. The adult flies, the parents of the larvae, 
were collected on Sept. 26 and placed in a similar box provided with a 
small cage, cage II, and other house-flies were added frequently as they 
were caught. In the galvanised iron boxes food materials for the 
larvae were introduced at frequent intervals, and in the net cages syrup 
and water were provided for the flies. 

The net cages above the boxes were about 3 fcet apart and both 
were enclosed in the large net cage already mentioned, in which no 
flies had been confined since the previous autumn. 

In cage I flies began to emerge on Sept. 24. About 60 flies were 
present on Oct. 7, and the total had reached 133 on Oct. 16. After 
this time the numbers gradually diminished though 100 were present 
on Nov. 7 and the last specimen died on Nov. 17. 

Empusa first manifested itself in this cage on Oct. 11, two infected 
flies being found. The outbreak which followed may be divided into 
two parts, a period between Oct. 11 and Oct. 23 during which time 
42 flies, or about 27 %, died of the disease, and a second period, com- 
mencing 16 days later, on Nov. 8, and lasting till Nov. 16, during which 
43 flies, or about 43 %, present during this period died of the disease. 
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Many deaths ocenirred between Nov. 7 and 16 when the mmimum 
temperature recorded by a thermometer on the grass ranged between 
34° and 18° F. 

The numbers of the flies present were counted at various times, the 
largest number present on one day being 133. Two hundred flies 
probably developed in this cage and 85, or about 40%, died of the 
disease (Chart 8). | 

The flies in this cage had never come into contact with adult flies 
of any species large cnough to be stopped by the mesh ¢ inch in diameter 
of the net of the outcr cage, though some of the minute diptera may 
have gained access to their cage. Consequently it is quite clear that 
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Chart 8. Showing the deaths (eolumns) from empusa disease amongst house-flies 
eonfined in eages I and Il out-of-doors, and amongst blow-flies in a larger eage. 
The approximate numbers of house-flies present at different times in eage I are 
indieated by a thin line. 


contact with infected adults of M. domestica is not essential for the 
transmission of the disease. We must assume, therefore, either that 
the infection took place in the larval stage before the larvae were placed 
in this cage (three cases had occurred amongst the parents), or that 
infection was carried by very small insects or mites which found their 
way into the cage, or lastly that the spores were carried by the wind. 

Amongst the adult flies, first confined in a large cage and then put 
into cage IT, the disease commenced on Ang. 31, but during the next 
23 days only 3 cases occurred. After Sept. 24, however, cases occurred 
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almost without mterruption till Nov. 7, when there were still 30 flies 
alive, none of whien subsequently developed the disease. The death 
rate reaehed its maximum between Oet. 18 and 25, the period during 
whieh the first outbreak was noticed ineage I. It may be worth noting 
that the disease had come to an end in eage II before the seeond 
outbreak oceurred in cage I. 

Altogether 1049 flies were plaeed in eage II and 281 or 26-7 % died 
with well-marked signs of the disease. It is quite possible that besides 
these some others died of the disease without showmg reeognisable 
signs. 

Concurrently with these observations a eareful wateh was kept for 
the disease amongst the flies whieh entered various rooms in the house, 
and more espeeially amongst those whieh were allowed to live un- 
molested in the kitehen. Owing to their frequent migrations it was 
impossible to aseertain the pereentage of flies in the kitehen whieh 
sueeumbed to the disease, but the mortality from the disease, as 
aseertained by noting eases of the disease indoors, seemed mueh smaller 
than amongst the flies kept ont of doors. Possibly a number of those 
whieh migrated out ultimately died of the nfeetion. Two eases oecurred 
on Aug. 30, the date on whieh the disease started in the large fly eage. 
Aiter this a long period elapsed before the next ease oeeurred on Oet. 4. 
Three weeks later on Oet. 25 the first of a series of six eases, oeeurring 
between that date and Nov. 6, was notieed. Though flies were present 
in deereasing numbers up to Dec. 12 no other speeimens with the 
disease were seen. 

No previous attempt seems to have been made to aseertain with 
any degree of aeeuraey the mortality due to this disease. 

Ample opportunities were afforded for observing the progress of the 
disease under natural eonditions, and in some eases flies in the earhest 
stages were eonfined in glass boxes and watehed. The first recognisable 
sign of the disease is an appearanee of stiffness. The fly’s legs are 
disposed in abnormal attitudes, and the inseet is sluggish and remains 
in one plaee, thongh it 1s eapable of moving in an awkward way when 
touehed. Next white rings of growth begin to appear between the 
segments of the abdomen, but before the disease has made mueh further 
external progress the fly dies. 

Under suitable atmospherie eonditions the fungus grows with great 
rapidity after the death of the fly, and spores are diseharged around the 
insect’s body. A fly which only appears stiff and sluggish when attention 
is first attraeted to it may show in 4 or 5 hours distention of the abdomen 
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with marked rings of white growth between the segments (Plate XXVIII, 
figs. 1-8), and within 15 hours a halo of sporcs may surround the 
specimen. If the fly is protectcd from wind currents the directions in 
which the spores are discharged are clearly indicated by the contour of 
the halo, as is shown in photographs of such specimens on Plate XXVITT, 
figs. 9, 10, 11. The spores scem to be discharged mostly from the 
abdomen, forming a well-marked circle, complete only in front of the 
head, of a diamcter of 1} inch round the fly. The spores may reach 
objects $imch above the insect. 

The growth of the fungus seems to be most rapid and complete in 
warm damp weather, but the optimum conditions of humidity and 
temperature have not been ascertained. On the other hand its progress 
may be fairly rapid even in cold weather, for on a fly confined in cage I, 
which first showed signs of infection on Nov. 16, marked white bands 
had developed by Nov. 18. Durimg this time the maximum temperature 
recorded in the shade was 43° F., and the mmimum on the grass varied 
between 20° and 22° F. 


MITES. 


In the course of thesc investigations two species of mites, one much 
larger than the other, came promimently to notice. Mr C. Warburton 
very kindly examined some of the specimens and reported that the 
smaller specimens were adults, belonging to the gcnus Holotaspis, and 
the larger, nymphs of the genus Gamasus, differing shghtly from 
G. coleoptratorum. 

The Holotaspis, which seems to be parasitic, was found on several 
of the common species of flies, being especially frequent on the house-fly, 
M. domestica, O. leucostoma and H. dentipes. Often only a smgle parasite 
is found on a fly, attached in almost any situation. The anterior part of 
the ventral surface of the abdomen is a common situation, but the mite 
may be found on the thorax, head or leg. Specimens were even found 
attached between the cyes and on the distal end of the proboscis. Not 
infrequently, however, several are found on onc fly, and then the 
mndividual mites may occur in differcnt situations, or in a cluster. 
For example a specimen of O. leucostoma had one mite on the dorsum 
of the thorax, another at the base of the first pair of legs and a third 
at the base of the third pair, while one specimen of J. domestica had 
a cluster of four mites attached to the ventral surface of the abdomen, 
and another had a cluster of five on the upper surface of the thorax. 
In such cases the mites are often so close together that they appear 
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to be.standing on their heads. Some flies were kept in captivity in 
order to ascertain how long these mites remain attached to them. The 
longest period observed was 192 hours. It is very remarkable that the 
flies seldom seem to make any attempt to remove the mites wherever 
they are situated. 

It may be of interest to note that numerous mites of this species 
were found on specimens of AZ. stabulans caught as early as April 26, 1916. 





Fig. 7. Hypopial nymph of Tyroglyphus siro ( x 50) from Al. domestica. 

Holotaspis sp. ( x 30 and nat. size) from J. domestica. 

Fig. 9. Nymph of a Gamasus allied to G. coleoptratorum (x20 and nat. size) from 
C. erythrocephala, 
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Several photographs of flies with mites attached in different situations 
are reproduced in Plate X XTX, figs. 1-7. 

The Gamasus was present in great numbers, especially from August to 
October, on the remains of deeaying animal matter on which larvae were 
feeding. Moreover they remained plentiful on such material throughout 
the followmg winter. They are oceasionally seen on healthy flies, but 
do not seem to attach themselves permanently like the Holotaspis does, 
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and are probably not true parasites of the fly. On the other hand on 
several occasions a number were seen on weakly flies, which appeared to 
be dying and scarcely able to move. They were frequently seen, often to 
the number of eight or ten, under the bodies of dead flies, and seemed 
to be devouring them. In examining some of these mites caught on 
Nov. 19 on decaying animal matter, an interesting observation was 
made. Several had larval nematodes adhering to their legs, as many 
as eight worms being sometimes attached to a single leg. Occasionally 
the worms were attached to other parts of the mite. The mode of 
attachment was not clearly ascertained though a triangular mass of 
material staining with haematoxylin was always found on the surface 
of the mite at the point of attachment. The mass is probably secreted 
either by the mite or by the worm. This discovery was made late in 
the season, and no opportunity occurred of ascertaining whether blow- 
fles visiting the materials on which the infested mites were living 
became infected with the worms. Other examples of the same species 
of mite, collected from similar situations in the neighbourhood, were not 
thus infested, and the condition seemed to be very local. Dr ©. L. 
Boulenger, who very kindly examined the worms, states that they are 
not the larvae of Habronema muscae, and that without rearing the 
adults it is impossible to determine the species. 

On some of the flies examined hypopial nymphs (Fig. 7) belonging 
to the genus Tyroglyphus were found, and the adults of Tyroglyphus sire 


Plate XXIX. Figs. 1-3, 5-7. Photographs of living specimens of M/. domestica ( x 2) 
with mites of the genus Holotaspis attached to them. In fig. 1 a single mite is 
attached between the eyes, in fig. 2 two mites, seen as oval grey bodies, on the 
dorsum of the thorax, in fig. 3.three mites on the ventral surface of the abdomen, 
in fig. 5 two mites on the dorsum of the abdomen, in fig. 6 one mite on the anterior 
aspect of the proboscis, and in fig. 7 one mite on the ventral surface of the abdomen. 

Fig. 4. Photograph of a living specimen of C. vomitoria ( x 2) with a nymph of 
Gamasus sp. attached between the bases of the hind legs. 

Fig. 8. Photograpli of the dorsal surface of a nymph of Gamasus sp. ( x 15) 
showing five nematodes attached to the leg projecting upwards and some on other 
legs. 

Fig. 9. Photograph of a leg ( x 30) of a nymph of Gamasus sp. with six nematodes 
attached to it. Three are partly coiled, and the others extended. 

Fig. 10. Photograph of a stained and mounted specimen of a leg of Gamasus sp. 
(x45) with six nematodes attached to it. 

Fig. 11. Photograph of a stained and mounted specimen of a Icg of Gamasus sp. 
(x60) showing a coiled nematode with a dark haematoxylin staining mass at the 
point of attachment, one cxtended nematode with a similar mass, and a dark mass 
on the edge of the specimen a short distance above the coiled nematode. A nematode 
became detached from this point during manipulation. 
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occurred in empty pupa cases. According to Michael (1901) the 
Gamasidae feed on the Tyroglyphidae, and it seems possible that some 
mites attach themselves to flies in order to feed on the hypopial nymphs, 
which so often adhere to the latter. 


PSEUDO-SCORPIONS. 


Occasionally small lobster- or scorpion-like creatures, about 2-5 mm. 
in length, are found clinging to the legs of flies. Though the records 
of their occurrence on flies go back for more than 150 years, it is, except 
in certain seasons, an uncommon cvent to find one attached to a fly. 
Judging from the pubhshed records, the house-flv is the species on which 
they are most frequently noticed. During the latter part of the summer 
of 1915 the writer was fortunate enough to find these creatures attached 
to different species of flies, and to make some observations on them. 
It may thercfore be a fitting opportunity to give a short account of 
their structure and habits, and of the views which have been put forward 
to account for the very curious habit possessed by certain species of 
attaching themselves to flies. 

These creatures are arachnids, belonging to the order Chernetidea 
(pseudo-scorpions). The body consists of a cephalothorax without 
segmentation in some groups, but with one or two dorsal striac in 
others, and an abdomen composed of twelve scgments. The segmenta- 
tion of the abdomen is emphasised by the presence of chitinous plates 
dorsally and ventrally, but the last two dorsal plates arc fused, so that 
ordinarily only eleven segments can be counted dorsally and nine 
ventrally. The eycs, when present, are either two or four m number, 
and are placed near the lateral borders of the carapace towards its 
antcnior end. They are whitish, and only very slightly convex, and 
are never situated on promincnces (Warburton, 1909). Some species 
are without eyes. They possess pedipalpi, chelicerae and four pairs of 
lcgs. The chelicerae, which are two-jointed and small, bear certain 
interesting but minute structures, the galea, serrula and flagellum, used 
by some authorities on the group for the purposes of classification. 

The very large, six-jointed pedipalpi, terminating in claws, give 
these animals their superficial resemblance to scorpions or lobsters. 
These structures have gamed for them the popular titles of pseudo- 
scorpions or chehfers. About twenty specics occur in Britain, some 
of which are stated to be common and widely distnbuted, but are 
seldom seen unless specially looked for in their haunts under stones, 
beneath the bark of trees or among moss, debris, decaying substances 
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and manure. One species, the “book scorpion” (Chiridium muscorum), 
usually lives in houses, but has been found in other situations. 

Pickard-Cambridge (1892) convemently divides the British species 
into three groups: 


I. With four cyes, including the genera Chihonius (four species) 
and Obisium (three species). 

II. With two eyes, including the genera Roncus (two species) and 
Chelifer (five species). 

IIE. Without eyes, including the genera Chernes (five species) and 
Chiridium (one species). 

This classification, though convenient, 1s not universally accepted 
(Kew, 1911). As might be expected from their small size and retirmg 
habits little is known of their mode of Ife. Most species seein to be 
carnivorous, feeding on small insects. Many of them can run rapidly 
forwards, backwards or side ways, and some seem to be capable of 
jumping. 

- To the entomologist pseudo-scorpions arc interesting chiefly on 
account of the extraordinary habit of seizing hold of flies’ legs possessed 
by certain specics. It is remarkable that this curious habit 1s almost 
confined to the blind species. Poda (1761) was apparently the first 
observer to refer to a pseudo-scorpion attached to a fly’s leg, and a few 
years later Adams (1787) recorded the finding by Mr Marsham of one 
of these creatures “firmly fixed by its claws to the thigh of a large 
fly, which he caught on a flower in Essex the first week in August, 
and from which he could not disengage it without great difficulty and 
tearing of the fly’s leg.” 

Since that time many notes, recording the occurrence of single 
pseudo-scorpions on the legs of house-flies in various parts of Europe, 
Algcria and America, have becn published. Apart from such isolated 
statements, which throw little additional light on the subject, many 
interesting observations relating to the finding of several pseudo- 
scorpions on individual flies, and to their occurrence on various species 
of flies and other insects have been recorded. Donovan (1797) and 
Campbell (1887) each noticed a single pseudo-scorpion attached to 
a blow-fly (Calliphora), while Kirby and Spence (1826) state that 
these creatures are “occastonally parasitic upon flies, especially the 
comnion blue-bottle fly’? (AZ. vomatoria). 

An anonymous editorial note (Entomological Mag.) ete that pseudo- 
scorpions were abundant under planks and bricks placed on decaying 
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vegetation in 1835, and that a small fly, Lonchaea vaginalis, common 
there in June was particularly infested by it. Loew (1845) “mentions 
having found in August 1841 another small fly, Ulidia demandata, 
running about m numbers on dry stems in a waste place on the parade- 
ground at Ofen, and so pursucd by ‘Chelifer corallorus’ that it was 
difficult to find speci1mens free from the attachment of this Arachnid.” 

Very rarely pseudo-scorpions have also been found attached to the 
legs of other species of flies, hover-flies and a species of Anthomyia 
((rerstaecker, 1859), a species belonging to the Dexiidae (Banks, 1895), 
and daddy-long-legs (Hagen, 1879, and Wagner, 1892). Menge (1855) 
describes eight fossil specics in Prussian amber, and reports the finding 
of one still attached to the leg of an ichneumon. 

Certain kinds of pseudo-scorpions in several widely separated parts 
of the world have been found in the nests of bees, and they have 
been found associated with beetles, Alaus oculaius, and other species, 
especially in Amenca. ‘They do not, as far as is known at present, 
attach themselves to the legs of beetles, but occur on the dorsal surface 
under the wings. It has been suggested that they seek this situation 
in order to feed on the mites with which the beetles are often infested. 

On two occasions pseudo-scorpions have been found attached to 
the legs of the long-legged false-spiders or harvestmen (Spicer, 1867, 
Leydig, 1867). 

Tustances in which two or more pseudo-scorpions have been found 
attached to a single fly are seldom observed. Both Hagen (1867) 
and Knab (1897) observed an instance of two chelifers attached to 
one leg of a house-fly, while Stainton (1864) saw a house-fly with 
three attached to one leg, and the same condition has been re- 
corded in the case of Lonchaea vaginalis by the writer of the 
editorial note in the Hntomological Magazine (1835). Low (1866) 
noticed two attached symmetrically to opposite legs of Ulidia erythro- 
phthalma. Wnab (1897) and Stainton (1864) have noticed three on one 
house-fly, and Stevens (1866) observed one house-fly with six chelifers 
clinging to it and another with eight. Hagen (1867) even states that 
ten have been found on a single fly. Loew (1845) mentions that some 
of the U. demandata observed by him were besct with three or more 
pseudo-scorpions, Schiner (1872) reported the capture of a specimen 
of this species with five chelifers attached to it, and the writer of the 
editorial note in the Entomological Magazine (1835) reiers to the attach- 
ment of as many as four to the legs of Lonchaea vaginalis. 

In some years pseudo-scorpions are more commonly found attached 
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to flies than in others, Stainton for example noticing unusual numbers 
in 1865, and Hill stating that they were very commonly found on flies 
near Eton in 1905. According to the writer’s observations flies bearing 
pseudo-scorpions were common in 1915. 

“As regards the kinds of pseudo-scorpions in which the habits 
above noted obtain, it must be remembered that with animals of the 
present kind names, in the hands of writers other than specialists, 
have not the value they usually possess In more familiar departments 
of Zoology. Chelifer cancroides, for instance, derived from the Linnean 
Acarus or Phalangium cancroides, was long a stock name for pseudo- 
scorpions of any kind; and its use, more especially by earlier writers, 
rarely implies any attempt at specific discrimination....The German 
arachnologist L. Koch states his experience that the species found 
attached to flies is always Chernes Reussii C. Koch = Chernes nodosus.... 
Stecker (1875), referring to this remark, states that Chernes cimacordes, 
not Chernes nodosus, occurred to him under these conditions. All the 
European pseudo-scorpions found on flies’ legs by Simon and by his 
correspondent Mr Ray, of Troyes, proved to be Chernes nodosus; and 
Mr Cambridge, in England, who does not mention the finding of any 
other species thus situated, states that all, or nearly all, of the individuals 


Plate XXX. Fig. 1. Photograph of a living specimen of S. calcitrans (nat. size) with 
C. nodosus clinging to the tarsus of the left back leg. Fig. 2. Photograph of a 
living specimen of O. leucostoma (nat. size) with C. nodosus clinging to the tibia of 
the left back leg. Fig. 3. Photograph of a living specimen of JZ. domestica (nat. 
size) with C’. nodosus clinging to the tarsus of the right back leg. It will be seen that 
in each of these cases the pseudo-scorpion is attached by one claw only. Figs. 4 
and 5. Photographs of a living specimen of JZ. domestica (nat. size) with C. nodosus 
clinging near the base of the right middle leg. In fig. 4 the fly is seen in the act 
of cleaning its left wing between two legs, and in fig. 5 is rubbing its two front legs 
together. Figs. 6 and 7. Photographs of the dorsal and ventral surfaces of C. 
nodosus (x15). Fig. 8. Five puparia (nat. size) of C. erythrocephala showing the 
circular and vertical splits produced when the flies emerged. Fig. 9. Seven puparia 
(nat. sizc) from which braconids, A. manducator, have emerged by gnawing irregular 
oval openings. Fig. 10. Seven puparia (nat. size) from which chalcids, J/. acasta, 
have emerged by gnawing minute round holes. In the left-hand specimen the hole is 
near the centre, and in the next five near the antcrior end. The right-hand specimen 
shows two holes. Figs. 11, 12. Photographs of living specimens (nat. size) of 
A. manducator, which emerged in the autumn. Fig. 18. Photographs of three 
pupae (nat. size) opened longitudinally to show numerous living larvae of 
Mf. acasta within them. Fig. 14. Photograph of three pupac (nat. size) opened 
longitudinally to show a single living larva of A. manducator in each. Figs. 15 and 
16. Enlarged photographs ( x 2-3) of the left-hand and middle specimens shown in 
fic. 13. Most of the numerous small shining larvae are clearly seen, but some 
specimens which moved during the exposure are slightly blurred. 
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of Chernes nodosus communicated to him from different parts of the 
country were obtained from the legs of flies” (Kew, 1901). In a recent 
paper Kew (1911) states that C. nodosus “ often comes to notice on flies’ 
legs in Autumn,” and mentions that C. Godfreyi has been found once 
attached to a fly by H. Hill (1907) but mistaken for the former species. 
During the summer and autumn of 1915 the writer observed specimens 
of C. nodosus attached to flies on several occasions. On Sept. 7 a 
specimen of M. domestica was caught with three of these pseudo- 
scorpions attached to its legs; while on Sept. 12 out of sixty-four 
house-flies which entered a room facing west two had single pseudo- 
scorpions attached to their legs. On Oct. 3 twenty-five house-fles 
entered this room, and one had a pseudo-scorpion clinging to the base 
of the tarsus of one leg, and on Oct. 20 another house-fly entered this 
room with a chelifer attached to its leg. A specimen of Ophyra 
leucostoma was caught outside on Sept. 5 with one specimen of C. nodosus 
and three mites attached to it; and on Aug. 3 a female L. vaginalis 
with two pseudo-scorpions symmetrically attached to opposite legs. 
A specimen of C. nodosus was also received on Oct. 15 which had been 
found on a female M. corvina, The most interesting capture, however, 
made on Oct. 16, was a Stomoxys with two specimens of C. scorpioides 
Herm. attached symmetrically to the femora of the middle legs. This 
appears to be the first time that this chelifer has been found on a fly 
in Britain. 

Kew (1911) gives the following descriptions of the chelifers which 
have been found attached to flies in Britain. 


Chelifer nodosus Schr. 


“Chelifer nodosus Sehr., 1803. C. inaequalis Curtis, 1849. Chernes Reussii 
(C. L. Koch), L. Koch, 1873. Chelifer nodosus (Sehr.), Simon, 1879. 

Palps and eephalothorax reddish-brown, abdominal tergites olive-horny; glossy, 
with nearly simple bristles. Cephalothorax weakly granulate at sides, dorsum 
non-granulate, second groove seareely pereeptible or absent; abdominal tergites 
non-granulate retieulate, scar-spots indistinet, main selerites near inner margin with 
1-3 bristles in front of row, tergite sternite XI with two pairs of tactile hairs, tergite 
with inner pair eonsidcrably shorter than outer; galea (2) well developed, branehing 
from short base, branehes simple rather long; palps troehantcr with upper pro- 
tuberance distinetly dorsal, lower protuberance alone projecting posteriorly, its 
proximo-posterior eorner modcrately prominent but distinetly rounded, tibia strongly 
convex in front, hand (2) moderately broad obliquely high, anterior margin of fingers 
with an isolated accessory tooth; the palp is granulate, at least in front, with small 
part of femur and great part of tibia and hand smooth; lower faee of maxillae 
smooth; coxac tv (2) short and broad, inner margin longer than posterior; legs IV 
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tibia with tactile hair near extremity (shorter than that of tarsus), tactile hair of 
tarsus about one-third removed from base. ¢ with galea poorly developed, hand 
somewhat narrower with less oblique height, eoxae Iv differing little from 9.  L. 1-7. 

Among vegetable refuse: in cucumber frames, manure-heaps, ete.; widely 
distributed and eommon in Britain; probably also in Ireland, but not yet reeorded ; 
seizes flies and often comes to notice on their legs in autumn; a mysterious anunal 
of which males are seldom seen. 


CU. Godfreyi sp. nov. 


Palps and cephalothorax reddish-brown, abdominal tergites olive-horny: glossy 
with nearly simple bristles. Cephalothorax weakly granulate at sides and over part 
of dorsum of thorax, dorsum of head non-granulate, seeond groove seareely per- 
ceptible or absent: abdominal tergites non-granulate retieulate, sear-spots indistinct, 
main selerites near mner margin with one bristle in front of row, tergite-sternite XI 
eaeh with two pairs of tactile hairs, tergite with inner pair not greatly shorter than 
outer; galea (2) well developed, branching from short base, branehes simple rather 
long; palps trochanter as in preeeding species, tibia less strongly eonvex in front, 
hand with somewhat less oblique height, anterior margin of fingers with an isolated 
aceessory tooth; the palp is granulate, at least in front, with small part of femur 
and great part of tibia and hand smooth; coxae 1v short and broad, inner margin 
longer than posterior; legs Iv tibia with tactile hair near extremity (as long or almost 
as long as that of the tarsus), tactile hair of tarsus further from base than in preeeding 
speeies; taking only dorsal margin about in middle. ¢ with galea poorly developed, 
hand somewhat narrower with less oblique height (?), coxae Iv differing little from 
ate lO: 


Found in manure-heaps and moss.’ 


> 


The two species just described are closely allied; but the next was 
distinguished from C. nodosus by the naked eye when clinging to the 
fly, by its woolly appearance. 


C. scorpioides Herm. 


“Chelifer scorpioides Herm., 1804. Chernes phaleratus (Simon), Camb., 1892; 
by wnistake. Chernes minutes Ell., 1896. Chelifer scor proides (Herm.-Tém), Ell., 1907. 

Palps and eephalothorax reddish-brown, abdominal tergites horny-brown; dull 
or nearly so, with elavate and toothed bristles. Cephalothorax granulate, both 
srooves distinet; abdominal tergites granulate with moderately long distinetly 
elavate bristles, sear-spots indistinet, interstitial membrane of dorsum wrinkled 
sternites with bristles simple or nearly so, tergite XI with one pair sternite xI with 
two pairs of taetile hairs; galea (2) well developed, staghorn-like, branehing from 
broad short base, branehes redividmg; palps rather stout, tibia strongly convex 
in front, anterior margin of fingers with an isolated aeeessory tooth; the palp is 
granulate all round, ineluding hand, fingers granulate, bristles of front femur 
moderately long, a little clavate; lower faee of maxillae weakly granulate; coxae Iv 
(2) short and broad, inner margin as long as or longer than posterior; legs Iv tibia 
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without tactile hair, tactile hair of tarsus near middle. 4 with galea poorly developed, 
hand a little narrow, coxae Iv differing little from 9. L. 1-7. 

Among vegetable refuse, in rubbish heaps, etc.; sometimes abundant; probably 
widely distributed: Essex, Kent, Surrey, Sussex; also about decaying trees: New 
Forest; in nests of Formica rufa; in nests of Bombus muscorum.”’ 


Several views have been put forward to account for the habit of 
seizing flies. 

(a) Some have regarded the pseudo-scorpions as parasites which 
obtain nourishment from the bodies of the living flies. In the majority 
of carefully observed cases no injury to the leg of the fly was noticed 
and therc is little cvidence that the creature makes its way up the leg 
to the body in order to reach the less chitinous parts of the fly, though 
occasionally it is found attached to the body and not to the leg. Donovan 
(1797) noticed one “fastened on to the body of Musca vomitoria, the 
common flesh-fly, from which it could not be extracted without killing 
and tearing the fly to pieces,” and Kirby and Spence (1826) state that 
“they adhere to it (the common blue-bottle fly) very pertinacionsly 
under the wings.” 

(6) According to another view the pseudo-scorpion is predaceous, 
remaining attached to the fly until the insect dies and then sucking its 
juices. Undoubtedly the pseudo-scorpions cling to flies with great 
tenacity and the latter, although thev constantly make efforts, seldom 
seem to succeed in getting rid of them. Hven when the fly is captured 
and handled the pseudo-scorpion seldom relaxes its hold. Moore (1835), 
however, once saw a _ pseudo-scorpion voluntarily drop from a fly. 
Hess observed a chelifer hanging on to a fly’s leg without altering its 
position for 56 hours, and Stainton (1864) stated that in his experience 
the chelifers did not quit the flies until the latter died. Lukis (1831) 
on one occasion saw a chehfer dragging about the dead body of a 
Stomorys. Backhausen made some very interesting experiunents which 
seem to support this view. He placed a fly with a pseudo-scorpion 
hanging to one leg under a glass. Next morning he found the fly dead 
and the pseudo-scorpion fat and bloated under some scraps of papcr. 

“He next placed ten pseudo-scorpions on a tray with earth and 
leaves, put them under the glass, left them for a few days without 
food, and then imprisoned a few small flies. As soon as the pseudo- 
scorpions perceived the presence of the insccts they came out of hiding 
and began to snatch at them, attaching themselves to their legs, always 
with one pincer, but using the other in their endeavours to obtain an 
assured holding. Once fixed they continued to hold to the leg.” The 


522 Observations on Habits and Parasites of Connon Flies 


observer was somewhat hindered by want of appliances, but he states 
that the flies died while the pseudo-scorpions remained on the legs and 
“that aftcr the flies’ death the creatures travelled along the legs to the 
body, and finally drew the insects under the leaves to suck out their 
Juices.” 

Kxperiments of this kind should be repeated, under more natural 
conditions, the pseudo-scorpions and flies being supplied with their 
accustomed food. 

(c) Another view is that the chelifers resort to flies in order to feed 
on the parasitic mites (Hickson, 1905; Pocock, 1905). Though chelifcrs 
may resort to beetles for this purpose, it seems clear that this is not the 
reason for thcir attaching themselves to flies, smce many of the flies 
to which chelifers cling have no visible mites on them. Very small 
hypopial nymphs are said, however, to be frequent on flies, and would 
pass nnnoticed unless carefully looked for. 

(d) The dispersal hypothesis, which has the support of many 
observers, claims that the chehfers cling intentionally to fles in order 
to be transported from one feeding ground to another. Others, however, 
think that the seiznre of the fly’s leg is either accidental, the chelifer 
mistaking it for some small insect suitable for food, or through irritation 
at being disturbed. 

“The attachment, whether intended or accidental, obviously serves 
for dispersal; but it is probable that it is not a means of dispersal] 
only, the phenomena having, almost certainly, a further significance.” 

The writer carefully observed some of the infested flies he caught, 
and in view of the various hypotheses, which have been discussed, these 
observations may be of some interest. The chelifer always grasped the 
fly’s leg by one claw and was never seen to make any attempt to seize 
it with both, or to climb up the imb towards the body. The house-fly 
with three chelifers attached to it caught on Sept. 7 was placed in a 
glass box. By the next day two of the arachnids had relaxed their 
hold, and were crawling about the box. They never made any attempt 
to seize the fly again although the fly frequently walked over them. 
The other remained clinging to the fly till the insect was killed on the 
9th (48 hours). The house-fly caught on Oct. 3 with a chehfer attached 
to the base of its tarsus was kept in a glass box for 4 days. During 
the whole of this time (90 honrs) the chelifer remained attached m the 
same position. On the evening of the 4th day, however, it dropped off, 
but soon reattached itself to the back of the fly near the junction of 
the thorax and abdomen. After a time the fly managed to remove it 
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and the next dav the chelifer appeared to be dead. ‘The house-fly 
caught on Oct. 20 with one chelifer attached to a leg was also kept in 
a glass box. On the following morning the chehfer dropped off, but 
towards the evening it attached itself agam. During the second night 
it left the house-fly and attached itself to the leg of a Stomoxys, which 
had been placed in the same box. It remained in this position till the 
Stomoxys died about 36 hours later, and was still attached in the same 
position some hours after its death. 

It was noticed that the chelifers occasionally came off when the flies 
to which they had been attached were confined in glass vessels. Some- 
times this appeared to be a voluntary act on the part of the chelifer, 
but on other occasions the fly got rid of the chelifer by means of its 
legs. The fly most commonly succeeded in detaching the chelifer 
when it got into a confined space, and was able to use its legs with 
greater effect than under natural conditions. Usually the detached 
chelifer made no attempt again to seize the fly though the fly often 
passed over it. When undisturbed it often walked forwards swaying 
its pedipalpi from side to side, and sometimes opening and shutting 
the claws, but occasionally stopping and bringing one of its claws to 
its mouth. At the approach of the fly it either ran backwards rapidly, 
or remained quite still. When touched by the fly’s legs it seemed to 
be greatly irritated. On two occasions, however, detached chelifers 
were seen to seize the legs of flies. The movement was very rapid, 
the chelifer appearing to spring towards the fly’s leg as the insect was 
approaching. 

All interested in this subject should consult ICew’s (1901) interesting 
paper. 


PARASITES OF FLY LARVAE AND PUPAE. 


During the autumn of the year 1914 flies were allowed to deposit 
their eggs on the carcases of small animals. Some of these carcases 
were allowed to remain undisturbed on the ground through the winter 
in an outdoor cage, and others, laid on earth, were placed in two large 
galvanised iron receptacles into which flies could enter freely. One of 
these iron receptacles was kept in an open situation, where it was 
exposed to the extremes of heat aud cold, and the other in a shady 
protected situation, where it never became very hot. These may 
be called. the “Sun and Shade Tins” respectively (see p. 442). In 
the winter the minimum temperature recorded in the “sun tin” was 
usually about 1-2° F. below that in the “shade tin”; on the other hand 
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the maximum temperature, especially in the spring, was not infrequently 
many degrees higher in the “‘sun”’ than in the “shade tin.” The daily 
variations in temperature were therefore much greater in the “sun” 
than in the “shade tin.” 

On April 11, 1915, the earth containing the pupae was collected from 
the bottom of each tin and placed in a small wooden box with a balloon 
trap fixed over an opening in the lid. The box was replaced in its tin. 
The object of this procedure was to catch any flies which might emerge 
from the pupae, but at the same timc to leave the pupae in their 
respective tins in which shghtly different conditions prevailed. On 
April 22 Anthomyid flies began to emerge in both boxes, and on Apmil 23 
blow-flies. The blow-flies emerged in great numbers from the “shade 
box” and continued to do so up to May 11; altogether 987 blow-fiies, 
58 F. scalaris, 10 H. dentipes, 12 T. canescens were obtained from 
this box. In the “sun box” on the other hand only 16 blow-flies 
and one small fly emerged between April 23 and May 2. After the 
flies had ceased to emerge numbers of large braconids made their 
appearance. Between May 15 and 29 twelve of these braconids emerged 
in the “sun box,’ while between May 17 and June 16 at least 209 
emerged in the “shade box.” As a few managed to escape through 
the mesh of the trap the complete total is unknown in each case. 

After this a period of three months elapsed in which neither flies 
nor braconids emerged, but on Sept. 19 further bracomds commenced 
to emerge in the “shade box” and continued to do so until Oct. 15, 
at lcast 1115 appearing during this period. 

As this observation is of some interest, and may be of some import- 
ance, Chart 9 is inserted showing the dates on which the braconids 
emerged. 

The individuals emerging in the spring were much larger than those 
which emerged in the autumn. Males and females emerged both in 
the spring and autumn. (See p. 531.) 

No braconids emerged from the “sun box” after May, and no second 
batch of flies emerged from either box. 

Mr G. T. Lyle very kindly identified these braconids as Alysza 
manducator, and stated that those which emerged in the spring and the 
autumn belonged to the same species. 

On various occasions this species of braconid was seen laying eggs 
on large maggots feeding on carcases of large and small animals, but no 
evidence was obtained that they are capable of ovipositing in pupae. 
There can be therefore little doubt from the conditions under which 
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the experiment was made that both sets of parasites emerged from eggs 
deposited in the autumn of 1914, for there was little chance of wild 
braconids gamimg entrance to the box in which the pupae were kept, 
and those which emerged were collected and killed each day. 

A point of some interest is that the first batch of braconids began to 
emerge just at the time when blow-flies reared from pupae, which had 
wintered in the earth, commenced to lay eggs, and the parasites therefore 
appeared when larvae were becoming numerous. The second batch 





Vig. 12 Alysia manducator (x6) from pupa of C. erythrocephala. The lower left-hand 
figure represents a speeimen (nat. size) whieh emerged in the spring, and the right- 
hand figure one (nat. size) whieh emerged in the autumn. 


appeared about the time that the autumn larvae, which Sipe the 
winter as pupae, are found (see p. 461). 

The same species of braconid were also obtained in May, 1915, from 
blow-fiy pupae dug up from earth in which they had pupated under 
natural conditions in the autumn of 1914. The pupae were taken 
from the earth on April 24, before any flies had emerged, and kept 
in a room. The braconids commenced to appear from them on 
May 29. 
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When the great difference in the number of flics emerging from the 
two boxes became apparent, an cxperiment was tried to ascertain 
whether the differcnce was due to the effects of the somewhat greater 
cold during the winter in the exposed “sun tin,” or to the effects of 
the high temperatures or great daily oscillations in temperature 
developed in that “tin” by exposure to the sun in the spring months. 

For this purpose on April 29, 1915, a number of pupae were removed 
from the “shade box” and placed in a separate receptacle in the “sun 
tin,’ and some from the “sun box” were similarly placed in the “shade 
tin.” It was found that flies and braconids continued to emerge from 
the pupae transferred from the “shade” to the “sun tin,” but that 
none emerged from those transferred from the “sun” to the “shade 
tin.” At first sight it seemed evident that it was the difference in the 
winter conditions which influenced the pupac. Iuwther observation 
showed, however, that this was an erroneous conclusion and that the 
difference was duc to further parasitism by chalcid parasites (p. 529). 

On May 6 some of the unbroken pupae from the “sun box” were 
examined, and nearly all were found to contain single living braconid 
larvae in an advanced stage of development. On May 22 pupac from 
the “shade box” were cxamined; the larger ones were empty, blow- 
flies and braconids having emerged from them, but the medium sized 
and small pupae contained braconid larvae as in the “sun box.” 


In November, 1915, as there did not secm to be any prospect of 
further flies emerging from these boxes, the puparia in each were 
carefully examined. 

On comparing the puparia remaining in the boxes with specimens 
from which either flies or braconids had emerged, it was not difficult 
to ascertain whether a fly or a braconid had emerged from a given 
puparium. In the act of emerging a fly pushes off the anterior end 
of the puparium in a characteristic fashion (see p. 449). On the 
other hand the braconid emerges by gnawing an irregular oval hole 
near the anterior end of the puparium (Plate XXX, fig. 9). A single 
specimen of A. manducator emerges from each puparium. In many 
examinations of puparia just before the emergence of the parasite it 
was found that the head of the braconid was always at the anterior 
end of the puparium. 

Puparia from which flies and braconids have emerged can also be 
differentiated in another way. A puparium from which a fly has 
emerged is lined by a very thin, almost transparent, brittle membrane ; 
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whereas one from which A. manducator has emerged is lined by a thick, 
yellowish, tough membrane, leaving a ragged edge when torn. Puparia 
containing shrivelled or moist decomposing fly remains are very brittle 
and unlike those which contain braconid larvae. 

Large numbers of pupania ruptured in both these ways were found 
and counted, but besides these there were also found puparia which 
showed no signs of any opening, and many others, each perforated by 
a minute, round hole like a pin-prick. In the former either the shrivelled 
remains of fly pupae or hving chalcid larvae were found, and in the 
latter some dead chaleids, and dry, dusty fragments on which numerous 
small mites, apparently Tyroglyphus sivo, were feeding. The examina- 
tions of the puparia revealed much that was of interest and worthy of 
detailed record. 

A. In the “shade box” the remains of 2778 puparia were found. 
From these 1067 fhes (987 blow-flies, 58 F. scalaris, 10 H. dentipes, 
12 T. canescens) had emerged, 9 puparia contained shrivelled, moist 
or decomposing fly remains. 1324 braconids had emerged and had 
been caught, 66 puparia contained dead braconids, and from 304 puparia 
braconids had emerged and escaped. Lastly five puparia contained 
living braconid larvae, and three were being eaten by unknown larvae. 
Therefore of all the pupae originally in this tin 61 % had been para- 
sitised by braconids. The examination of the pupae in May revealed 
the intcresting fact that the large braconids which had appearcd previous 
to that time had emerged from the largest puparia, almost all of which 
were empty. The smaller specimens of the same species which emerged 
in the autumn came therefore from the medium sized and smaller 
pupae. 

B. As previously stated a batch of pupae were transferred from 
this box to the “sun tin” on April 29 and kept there m a separate Jar. 
This jar, on examination in November, was found to contain 293 puparia. 
From these 17 flies (14 blow-flies and 3 H. dentipes) had emerged, 28 
puparia contained shrivelled or putrifying fly remains, 60 braconids 
had emerged, 4 puparia contained dead braconids, 23 puparia showed 
pin-holes and contained dead chalcids, and 161 puparia were whole 
and contained chalcid larvae. In this jar therefore 21-8% of the 
pupae were parasitised by braconids and 62-6 % by chalcids. Since 
no chalcids were present in the original stock of pupae it is clear that 
the parasitism by the chalcids took place after the transferred pupae 
were placed m the “sun tin.” 

C. In the “sun box” the remains of 971 puparia were found. 
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From these 17 flies (16 blow-flies and 1 small fly) had emerged, 74 
puparia contained shrivelled or putrifying fly remains, 180 braconids 
had emerged, 7 puparia contained dead braconids, 349 showed pin-holes 
and contained dead chaleids, and 344 were whole and contained living 
chaleid larvae. In this box therefore 19-2 % of the pupae were 
parasitised by braconids, and 71-5 °% by chaleids. 

D, From this “box” a batch of pupae were transferred on April 29 
to the “shade tin” and kept in a scparate jar. This jar contained 
47 puparia. From these one blow-fly and a living braconid emerged, and 
of the 45 remaining puparia 5 contained shrivelled fly larvae, 1 contained 
a dead braconid and 39 contained living braconid larvae}. 





13 14 


Fig. 13. Larva of A. manducator (x6 and nat. size) removed from a puparium of C. 
erythrocephala. 

Fig. 14. Chaleid larva ( x 20 and nat. size), probably A/. acasta, removed from a puparium 
of C. erythrocephala. 


In this jar therefore 87 °% of the pupae were parasitised by braconids. 
The reason for the retardation in the development of these parasites 
is not clear. | 

The last two observations confirm the view that the chalcid infection 
occurred after April 29, and further it seems justifiable to conclude 
from these four experiments that the chalcids only frequent warm or 
sunny places. The extent of autumnal infection with braconids, un- 
complicated by subsequent chalcid infection, in the two tins is shown 
by the results of the examination of the puparia in the “shade box,” 


1 Of these 39 puparia 21 were examined and contained braconid larvae. The remaining 
18 probably also contain them and have been kept in order to observe further develop- 
ments, if any. One opened on June 2, 1916 contained a recently formed braconid pupa. 
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and in the jar transferred from the “sun” to the “shade tin.” In the 
former it is 60 %, in the latter nearly 90%. That the latter figure is 
a truce index of the extent of braconid infection in the original stock 
of pupae is shown by the fact that 9 % of the pupae in the “sun tin” 
were not parasitised. 

These facts reveal the extraordinary destruction wrought by these 
parasites, and indicate that larvae feeding in warm and sunny situations 
are more liable to attack than those living in shady places. 

It may be argued that mm these experiments natural conditions were 
not simulated sufficiently closely and that the braconids enjoyed 
unusnally favourable opportunities. Other evidence, however, shows 





Vig. 15. aAphaereta cephalotes Hal. 9 (x11 and nat. size) from pupa of 
S. melanura. 


that under natural conditions a great destruction of the fly larvae 
results from braconid infection. In the autumn of 1914 very large 
numbers of blow-fly larvae were present in two experimental cages 
previously described (p. 443). Yet in the spring of 1915 only 308 and 
206 blow-flies emerged in these cages. The number of pupae was not 
ascertained, but very numerous braconids are known to have emerged. 
Another experiment carried out in the winter of 1912-13 tends to 
confirm this view. Several samples of dog excrement containing 
sarcophagid larvae were placed in jars in the antumn of 1912. The 
mouths of the jars were covered with mushn, and they were kept 
outside until the spring of 1913. The pupae mw the jars were then 
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collected and kept under close observation. From many of the pupae 
flies, identified by Mr P. H. Grimshaw as S. melanura Mg., emerged, 
but from others large numbers of small braconids, identified by Mr 
G. T. Lyle as Aphaereta cephalotes Hal., appeared. Three of the 
parasitised pupac, for example, contained 10, 13 and 14 braconids 
respectively. 

Further experiments were carried out during the winter of 1915-16, 
and some interesting additional information has been obtained. On 
January 29 a batch of 114 out of the very numerous pupae, which 
have passed the winter of 1915-16 in the “sun tin,” were placed in jars 
in the kitchen (room E), where the mean daily temperature is about 
60° F. Between March 3-18 29 flies (18 C. erythrocephala, 9 £. manicata, 
and 2 N. cylindrica) emerged, and between March 18-25 33 large 
braconids, A. manducator, 21 3 and 129. Also between March 23-29 
67 small braconids, Aphaereta eephalotes. By keeping pupae in separate 
tubes it was ascertained that in this species the proportion of males to 
females emerging from different puparia varies greatly. [rom one 
puparinm 1 ¢ and 8-Q emerged, from a second 2 ¢ and 8 9, from a 
iitdenInctoe sim a lOltineles andes @sirom 4 mith $f and 4° 
and from a sixth 63. It may be noted that puparia from which 
A. cephalotes have emerged are not lined by the thick tough membrane 
produced by A. manducator. Thirty-eight pupae remain from which 
braconids, corresponding to the autumn batch of 1915, will doubtless 
emerge. Some of these opened on May 31 contained larvae of 
A. manducator. The factors which retard the development of these 
larvae have not been ascertained. 

Other pupae from the same sonrce were kept at different tempera- 
tures (see Table I, p. 456). A. mandueator (12 § and 19) emerged from 
pupae in room A between April 25 and May 16, and in rooms B 
(36 ¢ and 6 9), C (13 ¢ and 3 9), and D (13 ¢ and 7 9) between April 7 
and May 5. In the “sun tin” 678 $ and 1609 emerged between 
April 9 and May 30, and in the ‘“‘shade tin”’ 132 ¢ and 59° between 
May 17 and June 1. From these observations it appears that the 
emergence of the spring batch of A. manducator is greatly influenced 
by the temperature, and that under all conditions the males appear 
before the females. A. cephalotes emerged in rooms A (6 ¢ and 12 9) 
and B (11 ¢ and 299) and in the ‘“‘sun tin” (185 ¢ and 454 9) after 
A. manducator had almost ceased to appear. In the ‘‘shade tin”’ this 
species commenced to emerge on June 1. A. cephalotes had parasitised 
relatively few of the pupae. 
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Careful study of this subject might reveal new and important facts, 
which might be utilised in the artificial control of flies of various species. 

The chalcids, discovered in the 1914-15 winter puparia, which 
Mr J. Waterston! very kindly examined, belonged to two species, one 
of them occurring very rarely. The species, most commonly found, 
Melittobia acasta Wik., proved to be of great interest (Figs. 16,17). It 
only occurred in puparia from the “sun tin,” both those wmch had 
been there throughout the winter and those which were taken from the 
“shade box” and placed there on Apml 29. From the facts which 
have been given there can be httle doubt that this parasite attacked 
the puparia after the beginning of May. A large number of puparia 
from this source, which either appeared to be intact or which had 





Fig. 16. MMellitobia acasta Wik. (x20 and nat. size). 
= 


Fig. 17. Mellitobia. acasta WIk. (x20 and nat. size). 


minute pin-holes in them, were examined in November (Plate XXX, 
fig. 10). In most cases only one round or oval hole was present 
in a puparium, and this was usually situated in the middle two-thirds 
of the puparium though it was occasionally found at the very end; 
in a few two holes were found. The holes varied in diameter from 
0:3 to 1 mm. Such puparia contained a dry hard mass, and some 
dry dusty material crowded with Tyroglyphidae, but a few dead 
chalcids of both sexes were usually present also. Very infrequently 
living specimens were found. Dead females were scarce, but dead 
males were very common, apparently indicating that many of the 


1 Mr J. Waterston is deseribing the anatomy of these parasites in papers to appear 
in Parasitology. 
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males never left the puparia in which they developed. Some of 
the holes seemed too small to allow the males to escape. Froggatt’s 
observations, to be quoted later (p. 537), in regard to the relations 
of the sexes in another chalcid, N. brevicornis, are of some interest 
in this connection. Very rarely living chalcid larvae were found in 
puparia with pin-holes. The intact puparia nearly all contained the 
hard dry mass mentioned above and living chalcid larvae (Plate XXX, 
figs. 13, 15, 16), the numbers. present in the large puparia varying 
from 17 to 41, with a mean of 27, and in the smaller puparia from 8 to 25 
with a mean of 161. Very infrequently in such puparia dead adult 
chalcids were found together with living larvae. HEvery puparium 
attacked by the chalcid was found to be lined by the thick membrane, 
characteristic of a puparium containing a braconid larva. The chalcid 
was therefore in all cases a hyper-parasite. Further evidence that this 
was the case was afforded by dissecting the hard, dry mass mentioned 
above, which invariably contained a small, black, rod-like object, 
probably an accumulation of excrement, always present also 1n dissec- 
tions of healthy braconid larvae. Whether this chalcid 1s usually a 
hyper-parasite or not is uncertain, for it had little or no opportunity 
of infecting healthy fly pupae, since the flies had emerged or were just 
about to emerge before the chalcid commenced its attack on the pupae. 
The early batch of braconids were also emerging at this time and probably 
escaped, but the chalcid seems to have parasitised almost every remaining 
pupa containing a living larva. It is capable therefore of causing an 
immense amount of destruction. If it is usually a hyper-parasite on the 
braconid larvae it is not an insect to be encouraged since it kills off large 
numbers of parasites very destructive to flies; 1f on the other hand it 
usually attacks fly pupae during the summer months it 1s most beneficial, 
its powers of destruction being so very great; if lastly both braconid 
and fly larvae are commonly parasitised, its beneficial action is somewhat 
neutralised. (See also p. 543.) 

A fly pupa buried in the ground hes in a cavity considerably 
larger than itself and it seems possible that in most cases this cavity 
is connected with the surface by minute passages sufficiently large 
to admit chalcids. It may be of interest to mention that a pupa, 
found just below the surface of the ground on March 18, 1916, contained 
a number of chalcid larvae, but showed no evidence of previous parasitism 


1 Some puparia containing chalcid larvae have been kept under observation at different 
temperatures since November, 1915. The results obtaincd up to June 2, 1916 are 
recorded on p. 543. 
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by braconids. It is hoped that during the coming season opportunities 
may be afforded of studying more fully the habits of this interesting 
parasite. 

Of the other species of chaleid, a Pleromaline which was larger than 
M. acasta, only a few specimens were found in the puparia examined in 
November, 1915. Eight males and twenty-four females appeared, 
however, between April 15-22 from eleven out of 368 intact 1914-15 
winter pupae, kept to observe further developments in room B. 

Chaleids are very prolific, easily reared, present no difficulties in 
artificial distnbution, and might be utihsed with great advantage in 
destroying fly pupae. 

Table V summarises the results of the observations on 1914-15 
Winter pupae. 

Froggatt’s (1915) recently pubhshed observations on the habits of 
a chaleid parasite, Nasonia brevicornis}, infesting the pupae of several 
species of blow-fly in Australa, are of great interest. He found that 
this parasite would attempt to deposit its eggs in larvae, but that the 
process took a considerable time and the creature was prevented from 
accomplishing its object by the movements of the larvae. 


“Some fresh pupae were then placed in the tube and were quickly 
settled upon by the parasites, which immediately began to lay their 
eggs within the pupae by inserting their ovipositors through the pupal 
covering. ‘Their sense of location is evidently very acute, as pupae 
exposed anywhere in the Laboratory were always found and attacked 
by parasites, which had accidentally escaped from their tubes. 

“The method of ovipositing is very interesting. The female wasp 
spends some time crawling over and over the pupae, constantly twitching 
and touching them with the antennac as if searching for the least 
resistant spot to puncture. When this is finally decided upon, she 
curves the tip of the body underneath the body and inserts the point 
of the ovipositor. The apex of the abdomen then springs back to 
almost its normal position, and in so doing exposes the full length of 
the ovipositor, which up to this time has been hidden in a groove along 
the ventral plates of the abdomen. 

“The body now remains motionless, except for a shght twitching of 
the extremity and an occasional waving of the antennae. The ovipositor 
is gradually inserted by what appears to be upward and downward play 
of the styles enclosed within the sheath. 


1 In 1911 the writer bred this parasite from the pupae of C. erythrocephala at 
Cambridge. 
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‘“¢ When fully inserted it remains in that position for perhaps a minute, 
when she withdraws the ovipositor about one-half its length, and again 
pushes it in. This procedure may occur several times, until at last she 
withdraws the whole ovipositor, and it springs back to its former groove. 

‘The only evidence of a puncture remaining is a small bead of clear 
fluid at the pot of insertion, but she almost immediately afterwards 
turns round and sucks up the hquid, and thus leaves no visible signs 
of her work. 

‘This liquid is probably used in the first casc as a lubricant by bathing 
the styles as they work on the sheath while puncturing. 

‘The time occupied m the whole process of insertion and partial 
withdrawal and deposition of the eggs 1s variable, and was found to 
range from four to twenty-five minutes. Several attempts may be 
made to insert the ovipositor before deciding upon the final spot, the 
choice of which appears to be aided by the tactile hairs present on the 
apex of the abdomen. 

‘““The eggs are white, elongate oval objects measuring -35 mm. in 
length and -14 mm. wide and are laid between the pupal capsule and 
the enclosing integument of the developing fly, the latter not being 
punctured by the ovipositor as might be expected. They are found 
associated in clusters of about ten, but sometimes groups of four and 
varying numbers up to and over ten may be found. 

‘The eggs appear to be coated with a trace of some sticky substance, 
which causes them to adhere together and to the covering integument 
of the fly pupae. The eggs remain attached to the integument during 
embryonic development. The young larvae hatch in about three days’ 
time, when they measure about -3 mm. in length. They bite through 
the fly integument, imsert the head, and while their bodies remain 
outside, feed upon the juices of the fly pupae. 

‘“‘ As the larvae develop the unfortunate pupae are gradually eaten, 
until the full-grown parasite larvae occupy the space occupied by the 
fly pupae, nothing of the latter finally remaiming except the shrivelled 
integuments. 

“The period of development of the larvae occupies about seven days 
from the time of hatching. The full-grown larva is a cylindrical, 
dirty-white, legless grub, approximately 2-4mm. long and 1-4 mm. 
wide, thickest in the centre and tapering towards the extremities. 

“The pupa is at first whitish in colour, with prominent eyes of reddish- 
brown, the legs and wings plainly visible, and the whole body entolded 
in loosely-fitting skin, through which the outlines of the future perfect 
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insect are plainly visible. The pupa later beeomes brown and then 
black. The pupal stage oeeupies about five davs. 

“The adults usually gnaw one hole in the puparium and escape, 
although two may sometimes be made. 

“The time oecupied from oviposition to the emergenee of the adult 
is fifteen days, but there are indieations that this varies with the 
temperature. The males eharacteristically appear a little before the 
females, and are aetive little ereatures, continually running over and 
over the empty pupal eases. As soon as the females emerge eopulation 
begins, the females being at once ready to receive the males. 

‘** Hrom eaeh parasitised pupa both sexes may emerge, but females for 
the most part predominate. 

‘* The number of parasites in each pupa varies considerably, and has 
been found to be as low as two, while in one instance there were as 
many as seventy-five, whieh latter batch were mueh smaller than the 
typieal specimens, due no doubt to the supply of food being inadequate. 
In most eases, however, the number developing in a single pupa has 
been found to be between twenty-five and thirty-six parasites. The 
number of eggs laid by a single female parasite at one puneture has 
not been determined....The number of eggs laid by a female also 
seems to vary. In three instanees one female plaeed in a tube with 
fifteen pupae parasitised the whole, with the exeeption of two pupae 
whieh had deeayed. The total number developing from the one 
parasite in the first ease was 140, in the seeond 148, and in the third 96.” 
(The numbers emerging from eaeh pupa varied from 15 to 1 in these 
experiments.) 

“The parasites, on the whole, are very hardy little creatures, and 
under eareful treatment should live several weeks.” 

MeCarthy produeed ten generations in six months and supphed 
thousands of parasitised pupae to various parts of the State of N.S.W. 
with the intention of attempting to keep down the blow-flies, whieh 
do great damage to the sheep. 


CONCLUSIONS. 


1. Amongst the eommon speeies of flies the very great majority 
of individuals pass the winter as pupae, or more rarely as larvae, which 
pupate early in the spring. The pupae or larvae are situated under 
shelter on the surface or more eommonly are buried within two or 
three inehes of the surfaee of the ground. 

2. A very small and unimportant minority of both sexes emerging 
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from pupae late in the autumn or even in the winter possibly survive 
as adults till the spring. It 1s very improbable that many of these 
females are impregnated in the autumn, or that most of them reach 
sexual maturity much earher than the broods emerging in the spring. 

3. The wintering habits of AZ. domestica are still obscure. 

4. The time occupied by the various stages through which a fly 
passes from the moment when the puparium ruptures to the time when 
the fly is fully formed and normally coloured varies with the temperature. 

5. The majority of specimens of each species only emerge from 
“winter” pupae after the mean temperature of the materials in which 
the pupae pass the wintcr reaches a certain “critical” point, which 
differs for each species. 

6. The “eritical”’ point for C. erythrocephala, F. municata, and 
F. scalaris seems to be about 48—50° F., and for O. leucostoma about 63° EF. 

7. Inseveral species the majority of males emerge before the females. 

8. I’hes emerging from “winter” pupae seem to be the most 
hardy. Many of the fhes of subsequent generations only live a few 
davs, and never reach sexual maturity. 

9. The estimations of the multiplication of flies durmg the fly 
scason are very much exaggerated. Amongst blow-flies confined in a 
large open-air cage, and protected from many of their enemies and 
certain adverse conditions, the descendants of each female only numbered 
130 individuals. Amongst “wild” fles the increase must be con- 
siderably smaller. 

10. The normal duration of life amongst blow-flies 1s about 30 days 
in the summer. 

‘11. <A considerable mortality amongst flhes often follows cold, wet 
and windy days. Oppressive sultry weather is productive of the 
greatest mortality. Flies die if exposed to very hot sunshine. 

12. During the season many diflerent species of flies enter rooms. 
It seems evident that members of most of the species enter by accident, 
but at least four species, C. erythrocephala, S. calcitrans, PF. canicularis 
and M7. domestica enter designedly with the intention of remaining 
indoors for longer or shorter periods. C. erythrocephalu is attracted 
into rooms for the purpose of depositing eggs on meat. It seldom 
remains long indoors. SS. calcitrans enters for shelter, and Ff’. cunicularis 
for some purpose at present unknown (p. 469). AZ. domestica remains 
indoors for considerable periods. Possibly m this species the develdp- 
ment of the ova requires a high temperature, and the flies remain 
indoors till they are ready to deposit eggs. 
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13. The different species of flies vary in their seasonal distribution 
and in their abundance at different periods of the season. Those species 
which reqnire a high “critical” temperature for emerging from pnpae 
appear late and disappear early. The disappearance of flies in the 
autumn is not due to the effects of cold on the adnlts, but to the non- 
emergence of flies from pupae to replace those which are. dying off. 

14. The conditions, which hmit the nnmbers of a species, are 
various, and up to the present have been insufficiently studied. Among 
the more iniportant are the destruction of the larvae and pupae by 
braconid and chaleid parasites and other enemies, lack of food for the 
larvae, the larvae of certain species devouring those of other species, 
the attacks of the enemies of adult flies, and the weather and other 
conditions causing great numbers of freshly emerged flies of each 
generation tuo die. 

15. Traps in the open baited with hnman excrement and decaying 
animal matter catch approximately equal numbers of fhes. Dark 
receptacles in open situations usually catch smaller numbers, while 
traps in shady situations attract few flies. In this country it 1s 
desirable, therefore, to place all receptacles for garbage, manure and 
refuse in the most shady situations available. 

16. Several of the species, amongst them C. erythrocephala, C. 
voniitoria, F. scalaiis, L. caesar, and M. stabulans, attracted both to 
hnman excrement and decaying animal matter seldom enter rooms, and 
are probably of little importance as carriers of pathogenic bacteria in 
this country. These species, however, play an important part in 
spreading disease and causing discomfort under war conditions (see 
footnote p. 493). 

I7. Only about 16% of the flies which visit human excrement 
and decaying animal matter are males. Males very seldom ventnre 
into dark receptacles. 

18. In the case of the genus Lucilia very young specimens are 
mainly attracted to human excrement as a food, while the older 
specimens visit both excrement and decaying animal matter. Members 
of the genus Calliphora probably behave in the same way. 

19. All the species of flies which visit excrement and decaying 
animal matter also visit ripe fruit, but not in the same proportions either 
as regards species or sexes. 

20. Great contamination of fruit on trees and exposed for sale in 
shops with faecal and putrefactive bacteria is caused by flies and 
wasps. 
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21. The activities of flies are more influenced by temperature than 
by any other weather condition (p. 497). They tend to be most active 
in bright sunshine, are inactive in dull weather, except in the warmer 
months, and are very sensitive to wind, rain and great heat. 

22. The larvae of H. dentipes and certain other species devour 
other fly larvae and destroy great numbers. Such carnivorous larvae 
must be extremely important agents m limiting the numbers of many 
species likely to carry pathogenic bacteria to human food. 

23. The burial of carcases does not prevent the development ot 
the larvae present on them, or the subsequent emergence of the flies. 

24. Taking into consideration the extent to which wasps visit 
fruit, whether on trees or exposed for sale in shops, their well-known 
partiality for jam and other foods, their liking for excrement, decaying 
animal matter and flies it seems very probable that they act not 
infrequently as agents m disseminating pathogenic and putrefactive 
bacteria. 

25. Contact with infected adults of M. domestica is not essential 
in the transmission of empusa disease. C. erythrocephala, H. dentipes 
and F. canicularis occasionally die of this disease, and may be agents 
in transmitting it to M. domestica. 

26. Mites of different species attach themselves to flies, and may 
remain clinging to them for several days. Certain observations show 
that they may act as carriers of nematode worms. 

27. The pseudo-scorpion, C. nodosus, was found clinging to flies 
of several species, and two examples of C. scorpioides were found on 
a specimen of S. calcitrans. These creatures may remain attached to 
flies for several days. 

28. The braconids, A. manducator and A. cephalotes, pass the winter 
as larvae in the puparia of C. erythrocephala and other flies. Some otf 
the males and females of the former species emerge in the spring, but 
the majority do not emerge till the autumn. A. manducator destroys 
very large numbers of fly pupae, and in this respect seems to be a most 
beneficial parasite. 

29. In these experiments a chalcid, M. acasta, parasitised great 
numbers of blow-fly puparia already containing larvae of A. manducator. 
This chalcid seems to avoid shady places. A few pupae were parasitised 
by other chalcids. M. acasta and the other chaleids hibernate as 
larvae in the fly puparia. 
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ADDENDUM. 


The following experiment, carried out under the most natural con- 
ditions possible, confirms the observations on the wintering habits of 
flies quoted previously. Throughout the fly season of 1915 flies were 
allowed to deposit their eggs on small masses of human excrement and 
on animal remains placed on an area of ground 6x15 feet surrounded 
by boards sunk vertically into the ground. In the early spring of 1916 
a mosquito net cage was constructed over this area. The flies which 
emerged and were caught in this net could not have mbernated, but 
must have passed the winter as pupae, or 1n some cases as larvae, in 
the ground, under natural conditions. Several hundreds of specimens 
belonging to the species enumerated below emerged in the following 
order up to June 2: £. scaluris, C. erythrocephala, A. radicum, F. cani- 
cularis, T. canescens, B. serrata, S. stercoraria, D. flaveola, N. cylindrica, 
P. vulgaris, C. conatoria, H. dentipes, S. carnaria, M. lucorum, L. caesar, 
L.-sericata, P. erratica, O. leucostoma and P. lardaria. 

While in 1915 only 17 flies emerged in “Tin II” (p. 443) and about 
90°,, of the puparia were parasitised (p. 535), in 1916 (see p. 445 and 
Table I) from a very large nuinber of pupae 1876 flies have appeared 
indicating a lesser degree of parasitism. 

On Feb. 29, 1916, certain unruptured pupana, kept under observa- 
tion since the autumn of 1914 and known to contain chalcid larvae, 
were placed in jars in rooms B and E (see p. 456). The jar in room I 
contained 16 puparia, each in a separate tube. On April 25 two large 
male pteromaline chalcidsemerged from one puparium. Between May 6 
and 19 Melittobia acasta emerged from twelve puparia, three puparia 
contained 29, another 39, another 59, another 89, two 109, another 1g 
and 19, two 1g and 59, and another one living 4, two dead ¢ and 439. 
In each case after the emergence of the chalcids the puparium was care- 
fully dissected. In four instances a few living chalcid larvae, and in one 
living chaleid pupae were found. All these puparia had been para- 
sitised previously by A. manducator. Two of the three remaining 
puparia contained dead fly larvae, and the third dead chalcid larvae. 

In room B, at a much lower temperature, 341 similar puparia have 
been kept, but up to June 2 no speciinens of JZ. acasta have emerged. 
On that date some of the puparia were opened, and found to contain 
chaleid: pupae. 

Three puparia, containmg larvae of JM. acusta, were opened in 
December, 1915, and kept under observation in room B. The larvae 
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seldom moved, but appeared to be healthy, though exposed in the 
manner illustrated in Plate XXX, Pig. 15. On May 22, 1916, they 
passed large quantities of excrement, and had changed into pupae by 
May 30. 

The males of M. acasta possess rudimentary eyes and wings, and 
do not seem to leave the puparia in which they develop. The females, 
which have well-developed compound eyes and. large wings, emerge bv 
gnawing small round holes in the puparia (Pl AXX, Fig. 10). Thev 
were often seen to pass back into the puparia through these holes. 
They are very active, and hve at least four weeks when confined in 
tubes. In one case a female gnawed a gallery 3 mm. long through the 
cork of a tube and escaped, and about 40 others, which were in the tube, 
also escaped by this means. 

Females, whether obtained from puparia containing males or from 
puparia in Which no males had developed, began to oviposit when fly 
pupae of various ages, both healthy and parasitised by braconids, were 
placed in their tubes. The process of forcing the ovipositor through the 
wall of a pupa sometimes occupied as long as two hours. In one in- 
stance a puparlum, previously parasitised by braconids, was opened 
after a female had ceascd ovipositing in it, and one egg was found 
attached to the abdomen of a pupa of A. cephalotes. A larva emerged 
in 24 hours, and developed rapidly during the next two days, remaining 
attached at the same spot during the whole period. From some of 
these puparia adults have emerged one month after eggs were deposited 
in them. 


